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FIG.7

CHANGE QUALITY MANAGEMENT TABLE

IP ADDRESS OF IMAGE QUALITY OF
DESTINATION RELAYED IMAGE DATA
TERMINAL DEVICE (QUALITY OF IMAGE)
1.3.24 HIGH QUALITY
1.3.13 LOW QUALITY

1.3.43 MIDDLE QUALITY
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TERMINAL DEVICE AUTHENTICATION
MANAGEMENT TABLE
TERMINAL
DEVICE ID PASSWORD
Olaa aaaa
Otab abab

O1ba baba
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FIG.11

DESTINATION LIST MANAGEMENT TABLE

REQUESTING TERMINAL DESTINATION TERMINAL
DEVICE ID DEVICE ID
Olaa 01ab,01ba,01db
0O1ab 01aa,01ba,01ca
O1ba Olaa,01ab,01¢cb,01da

O1db Olaa,01ab,01da
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FIG.13

ADDRESS PRIORITY MANAGEMENT TABLE

SAME OR DIFFERENT PORTIONS
OF DOT ADDRESS PRIORITY OF ADDRESS
SAME. SAME. SAME. DIFFERENT 5
SAME. SAME. DIFFERENT. - 3
SAME. DIFFERENT. —-. - 1
DIFFERENT. -. -. - 0
TRANSMISSION RATE PRIORITY MANAGEMENT TABLE
MAXIMUM DATA
TRANSMISSION RATE OF PRIORITY OF
RELAYING APPARATUS TRANSMISSION RATE
(Mbps)
1000 ~ ' 5
100 ~ 1000 3
10 ~ 100 1
~ 10 0
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FIG.15

QUALITY MANAGEMENT TABLE

IMAGE QUALITY OF IMAGE DATA

DELAY TIME (ms) (QUALITY OF IMAGE)

0~ 100 HIGH IMAGE QUALITY
100 ~ 300 MIDDLE IMAGE QUALITY
300 ~ 500 LOW IMAGE QUALITY

500 ~ (INTERRUPTION)
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FIG.19

CSTART RELAYING APPARATUS)

NARROWING PROCESS

_/S46-1
EXTRACT IP ADDRESS OF
REQUESTING TERMINAL DEVICE
AND IP ADDRESS OF
DESTINATION TERMINAL DEVICE
BASED ON REQUESTING
TERMINAL DEVICE ID AND
DESTINATION TERMINAL DEVICE
ID INCLUDED IN START REQUEST
INFORMATION FROM
REQUESTING TERMINAL DEVICE

SELECTS ONLINE
(PRIMARY SELECTION)

v

EXAMINE WHETHER EACH OF
DOT ADDRESSES OF EACH OF IP
ADDRESSES OF RELAYING
APPARATUSES IS EQUAL TO
CORRESPONDING DOT ADDRESS
OF EACH OF IP ADDRESSES OF
REQUESTING/DESTINATION

TERMINAL DEVICES

v

PRIORITY OF IP ADDRESSES

v

DETERMINE VALUES INDICATING
PRIORITY OF MAXIMUM DATA
TRANSMISSION RATES OF
CORRESPONDING RELAYING
APPARATUSES

K2

SELECTS TOP 2 RELAYING
ORDER OF TOTAL VALUE

(SECONDARY SELECTION)

END

v _/S46-2

RELAYING APPARATUSES <«
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DETERMINE VALUES INDICATING | S46-4

| S46-5

APPARATUSES IN DESCENDING |.~S46-6

RELAYING
APPARATUS
MANASSMENT
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FIG.33
ITEM NAME RESOLUTION
resolution1 width:1280, height:800
resolution2 width:1280, height:720
resolution3 width:1024, height:768
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1
ELECTRONIC DEVICE AND
NON-TRANSITORY COMPUTER READABLE
RECORDING MEDIUM STORING PROGRAM
FOR CONTROLLING ELECTRONIC DEVICE

TECHNICAL FIELD

Embodiments of the present invention relate to an elec-
tronic device and a program for controlling the electronic
device. Specifically, the electronic device is represented by a
transmission terminal device that transmits and receives
screen data being shared with another transmission terminal
device. The transmission terminal device outputs image data
to adisplay device and causes the display device to display the
image data.

BACKGROUND ART

Recently, videoconference systems have been widely
adopted. These videoconference systems are for videocon-
ferencing between remote locations through a communica-
tion network such as the Internet.

Such a videoconference system enables a conference to be
conducted between remote locations in an environment
which is close to an actual conference environment. During
videoconferencing, one of parties (participants) participating
in the videoconference is located in one of conference rooms,
and the other party is located in the other conference room. A
transmission terminal device (a terminal device) of the vid-
eoconference system located in the one of the conference
rooms photographs images of the conference room and the
participants, and the transmission terminal device collects
audio data. The transmission terminal device converts the
collected data into digital data and transmits the digital datato
the other party’s transmission terminal device. The other
party’s transmission terminal device causes a display (display
device) disposed in the other conference room to display the
images, and outputs sound through a speaker.

Such a transmission terminal device of the videoconfer-
ence system has been sold with a display as a videoconference
set. However, cases have been increasing where only a single
transmission terminal device is sold. Therefore, recently,
there are many transmission terminal devices that can be
connected to various types of displays having different types
of resolution.

Further, cases have been increasing where a transmission
terminal device can be connected to a display through an
interface conforming to a High-Definition Multimedia Inter-
face (HDMI), which is for an audio-visual (AV) appliance
such as a digital television, besides a conventional RGB inter-
face (an interface for the Red-Green-Blue color model) and a
digital visual interface-digital (DVI-D). A display of a digital
television conforming to the HDMI standard is capable of
displaying at a high resolution such as a resolution of 1280
pixels (width) by 720 pixels (height) (hereinafter, denoted as
1280x720).

Even if a transmission terminal device does not include an
interface conforming to the HDMI standard, an image can be
displayed at a high resolution by connecting the transmission
terminal device to a display by using a conversion cable that
converts a HDMI signal into a DVI-D signal, provided that
the transmission terminal device includes an interface con-
forming to the DVI-D standard.

Whereas, the Video Electronics Standards Association
(VESA) discloses the Extended Display Identification
(EDID) as a data structure standard for transmitting capabil-
ity information indicating a capability of a display to a trans-
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mission terminal device. Based on this standard, a display
usually stores unique EDID information in a memory
included in the display. The EDID information includes data
such as information regarding displaying timing of the dis-
play and information regarding resolution of the display. The
transmission terminal device sets the resolution of the con-
nected display by using a value based on the EDID informa-
tion.

In the latest version of the EDID, in addition to defining
data in conventional basic data fields, extended data fields
have been developed so that the standard is compatible with a
new standard such as the HDMI.

However, when the conversion cable is utilized, only the
basic data fields are transmitted to the transmission terminal
device. The extended fields are not transmitted. Therefore, the
transmission terminal device is not able to control all the
range of the resolution within which the display can display
an image.

However, since recommended resolution of the display has
been described in the basic data fields of the EDID, it is
possible to utilize the recommended resolution.

In general, the recommended resolution defines the maxi-
mum (native) resolution at which the display is capable of
displaying an image.

Since the transmission terminal device can only refer to the
basic fields of the EDID, the transmission terminal device is
not able to select the resolution defined in fields other than the
basic fields. For example, when the transmission terminal
device is connected to a display that is capable of displaying
at a resolution of 1920x1080, and when it is described in the
extended fields that the display is capable of displaying at a
resolution of 1280x720, the transmission terminal is not able
to select the resolution of 1280x720 nor change the resolution
into the resolution of 1280x720.

When a sufficient memory is ensured in the transmission
terminal device, the transmission terminal device may dis-
play an image at the resolution of 1920x1080 by selecting the
recommended resolution. However, when the transmission
terminal device is not capable of displaying an image at the
resolution of 1920x1080, which requires a large display
memory, due to a cost problem, the transmission terminal
device has no choice but to display the image at default
resolution of 1024x768, which is lower than the resolution of
1280x720.

Whereas, Patent Document 1 (Japanese Patent Laid-Open
Application No. 2010-256794) discloses an electronic device
that is capable of setting desired customized resolution
depending individually on a displaying device, without intro-
ducing special hardware. Specifically, the electronic device
includes a retrieval means for retrieving EDID information
stored in a display; a determination means for determining a
piece of customized EDID information corresponding to the
retrieved EDID information retrieved by the retrieval means
among plural pieces of customized EDID information corre-
sponding to various types of displays, wherein the plural
pieces of customized EDID information have been stored;
and a providing means for providing the determined custom-
ized EDID information that has been determined by the deter-
mination means to a display control means for controlling an
indication on the display based on the EDID information.

However, since the above-described electronic device can
only refer to the basic data fields of the EDID, the device is not
ableto display an image at resolution other than the resolution
defined in the basic data fields. Namely, the above-described
problem is not resolved by the electronic device.



US 9,319,628 B2

3

Hereinabove, the case has been explained for the transmis-
sion terminal device. However, the explanation is also
applied, in general, to an electronic device that outputs image
data to an external display.

DISCLOSURE OF THE INVENTION

Embodiments of the present invention, have been devel-
oped while considering the above-described problem. An
objective of the embodiments of the present invention is to
provide an electronic device such that, even if the electronic
device is able to obtain only a portion of EDID information of
a display which is connected to the electronic device, the
electronic device can display an image at resolution that is
suitable for the display.

In one aspect of the present invention, there is provided an
electronic device configured to be connected to a display
device, the electronic device being configured to output
image data to the display device, the electronic device includ-
ing

a resolution retrieval unit configured to retrieve a recom-
mended resolution of the display device;

a resolution determination unit configured to determine
whether the retrieved recommended resolution is greater than
or equal to a priority resolution of the electronic device, the
priority resolution being a reference aspect ratio of the elec-
tronic device;

a resolution selecting unit configured to select a first reso-
lution; and

a resolution changing unit configured to change a resolu-
tion of the display device to be the first resolution that has
been selected by the resolution selecting unit,

wherein, when the resolution determination unit deter-
mines that the retrieved recommended resolution is greater
than or equal to the priority resolution, the resolution select-
ing unit selects the priority resolution as the first resolution,
and

wherein, when the resolution determination unit deter-
mines that the retrieved recommended resolution is less than
the priority resolution, the resolution selecting unit selects a
standard resolution as the first resolution.

In another aspect of the present invention, there is provided
an electronic device configured to be connected to a display
device, the electronic device being configured to output
image data to the display device, the electronic device includ-
ing

a first resolution retrieval unit configured to retrieve a dis-
playable resolution, the displayable resolution being display-
able by the display device;

a resolution management table reading unit configured to
sequentially read one or more data lines included in a reso-
Iution management table, wherein each of the data lines
includes a second resolution as an element;

a second resolution retrieval unit configured to obtain the
second resolution from the read data line;

a first resolution determination unit configured to deter-
mine whether the displayable resolution obtained by the first
resolution retrieval unit includes the second resolution
obtained by the second resolution retrieval unit;

a first resolution changing unit configured to change, when
the first resolution determination unit determines that the
displayable resolution includes the second resolution, a reso-
Iution of the display device to be the second resolution
obtained by the second resolution retrieval unit;

a third resolution retrieval unit configured to retrieve a
recommended resolution of the display device, wherein the
third resolution retrieval unit operates when the first resolu-
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tion determination unit determines that the displayable reso-
lution does not include the second resolution obtained from
each of the read data lines by the second resolution retrieval
unit;

a second resolution determination unit configured to deter-
mine whether the retrieved recommended resolution is
greater than or equal to a priority resolution of the electronic
device, the priority resolution being a reference aspect ratio of
the electronic device;

a resolution selecting unit configured to select a first reso-
lution; and

a second resolution changing unit configured to change the
resolution of the display device to be the first resolution that
has been selected by the resolution selecting unit,

wherein, when the second resolution determination unit
determines that the recommended resolution is greater than or
equal to the priority resolution, the resolution selecting unit
selects the priority resolution as the first resolution, and

wherein, when the second resolution determination unit
determines that the recommended resolution is less than the
priority resolution, the resolution selecting unit selects a stan-
dard resolution as the first resolution.

In another aspect of the present invention, there is provided
a program for controlling an electronic device, the electronic
device being configured to be connected to a display device
and configured to output image data to the display device, the
program causing a computer included in the electronic device
to function as:

a resolution retrieval unit configured to retrieve a recom-
mended resolution of the display device;

a resolution determination unit configured to determine
whether the retrieved recommended resolution is greater than
or equal to a priority resolution of the electronic device, the
priority resolution being a reference aspect ratio of the elec-
tronic device;

a resolution selecting unit configured to select a first reso-
lution; and

a resolution changing unit configured to change a resolu-
tion of the display device to be the first resolution that has
been selected by the resolution selecting unit,

wherein, when the resolution determination unit deter-
mines that the retrieved recommended resolution is greater
than or equal to the priority resolution, the resolution select-
ing unit selects the priority resolution as the first resolution,
and

wherein, when the resolution determination unit deter-
mines that the retrieved recommended resolution is less than
the priority resolution, the resolution selecting unit selects a
standard resolution as the first resolution.

In another aspect of the present invention, there is provided
a program for controlling an electronic device, the electronic
device being configured to be connected to a display device
and configured to output image data to the display device, the
program causing a computer included in the electronic device
to function as:

a first resolution retrieval unit configured to retrieve a dis-
playable resolution, the displayable resolution being display-
able by the display device;

a resolution management table reading unit configured to
sequentially read one or more data lines included in a reso-
Iution management table, wherein each of the data lines
includes a second resolution as an element;

a second resolution retrieval unit configured to obtain the
second resolution from the read data line;

a first resolution determination unit configured to deter-
mine whether the displayable resolution obtained by the first
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resolution retrieval unit includes the second resolution
obtained by the second resolution retrieval unit;

a first resolution changing unit configured to change, when
the first resolution determination unit determines that the
displayable resolution includes the second resolution, a reso-
Iution of the display device to be the second resolution
obtained by the second resolution retrieval unit;

a third resolution retrieval unit configured to retrieve a
recommended resolution of the display device, wherein the
third resolution retrieval unit operates when the first resolu-
tion determination unit determines that the displayable reso-
lution does not include the second resolution obtained from
each of the read data lines by the second resolution retrieval
unit;

a second resolution determination unit configured to deter-
mine whether the retrieved recommended resolution is
greater than or equal to a priority resolution of the electronic
device, the priority resolution being a reference aspect ratio of
the electronic device;

a resolution selecting unit configured to select a first reso-
lution; and

a second resolution changing unit configured to change the
resolution of the display device to be the first resolution that
has been selected by the resolution selecting unit,

wherein, when the second resolution determination unit
determines that the recommended resolution is greater than or
equal to the priority resolution, the resolution selecting unit
selects the priority resolution as the first resolution, and
wherein, when the second resolution determination unit
determines that the recommended resolution is less than the
priority resolution, the resolution selecting unit selects a stan-
dard resolution as the first resolution.

With the electronic device according to the aspect of the
present invention, it is possible to display an image at the
suitable resolution for the display device, even if the elec-
tronic device is able to retrieve only the portion of the EDID
information of the display device that is connected to the
electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a transmission system
according to an embodiment of the present invention;

FIG. 2 isan external view of a transmission terminal device
according to the embodiment;

FIG. 3 is a diagram showing a hardware configuration of
the transmission terminal device according to the embodi-
ment;

FIG. 4 is a diagram showing any one of a hardware con-
figuration of a transmission management system, a relay
apparatus, a program providing server, and an external input
apparatus according to the embodiment;

FIGS. 5A and 5B are functional block diagrams of the
transmission terminal device, the relaying device, and the
transmission management system included in the transmis-
sion system according to the embodiment;

FIGS. 6A-6C are conceptual diagrams illustrating image
quality of image data;

FIG. 7 is a conceptual diagram showing a change quality
management table;

FIG. 8 is a conceptual diagram showing relaying apparatus
management table;

FIG. 9 is a conceptual diagram showing a terminal device
authentication management table;

FIG. 10 is a conceptual diagram showing a terminal device
management table;
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FIG. 11 is a conceptual diagram showing a destination list
management table;

FIG. 12 is a conceptual diagram showing a session man-
agement table;

FIG. 13 is a conceptual diagram showing an address prior-
ity management table;

FIG. 14 is a conceptual diagram showing a transmission
rate priority management table;

FIG. 15 is a conceptual diagram showing a quality man-
agement table;

FIG. 16 is a sequence diagram showing a process of man-
aging state information indicating operating states of the
relay apparatuses;

FIG. 17 is a sequence diagram showing a preparation pro-
cess to start performing communications among the transmis-
sion terminal devices;

FIG. 18 is a sequence diagram showing a process of nar-
rowing down the relay apparatuses;

FIG. 19 is a flowchart showing the process of narrowing
down the relay apparatuses;

FIG. 20 is a diagram showing calculated priority points for
narrowing down the relay apparatuses;

FIG. 21 is a sequence diagram showing a process by the
transmission terminal device to select the relaying apparatus;

FIG. 22 is a flowchart showing a process of selecting the
relaying apparatus in the transmission terminal device;

FIG. 23 is a sequence diagram showing a process of trans-
mitting and receiving image data and audio data;

FIG. 24 is a functional block diagram of the external input
apparatus;

FIG. 25 is a sequence diagram showing a process of caus-
ing the transmission terminal device being a counterparty of
a videoconference to indicate display data that has been dis-
played by the external input apparatus;

FIG. 26 is an example of a screen which is caused to be
displayed on the transmission terminal device by the external
input apparatus;

FIG. 27 shows an example of a screen on which image data
and the display data are displayed by the transmission termi-
nal device;

FIG. 28 is a flowchart showing a process of installing a
display data acquisition unit by the external input apparatus;

FIG. 29 is a diagram showing an example of a configura-
tion of an image display control unit;

FIG. 30 is a diagram showing an example of datato beused
for display control;

FIG. 31 is a flowchart showing an example of a process of
resolution control;

FIG. 32 is a flowchart showing another example of the
process of the resolution control;

FIG. 33 is a diagram showing an example of a resolution
management table; and

FIG. 34 is a diagram showing another example of the
process of the resolution control.

DESCRIPTION OF THE REFERENCE
NUMERALS

1: Transmission system

10: Transmission terminal device

11: Transmitting and receiving unit
12: Operation input receiving unit
13: Log-in requesting unit

14a: Photographing unit

145: Image display control unit
14510: Resolution retrieval unit
14511: Resolution determination unit
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14512: Resolution selecting unit

14515: Resolution changing unit

14516: Resolution management table reading unit
15a: Audio input unit

155: Audio output unit

16: Selection processing unit

16a: Measuring unit

165: Calculation unit

16¢: Selecting unit

17: Delay detection unit

18: External information transmitting and receiving unit
19: Storing and reading unit

20: Detection unit

30: Relaying apparatus

31: Transmitting and receiving unit

32: State detection unit

33: Data quality confirming unit

34: Change-quality management unit

35: Data quality changing unit

40: External input apparatus

41: Transmitting and receiving unit

42: Connection detecting unit

43: Install determination unit

44: Program acquisition unit

451: Display data acquisition unit

452: Display data transmitting unit

46: Operation input receiving unit

47: Display control unit

48: Mount unit

49: Storing and reading unit

50: Transmission management system
51: Transmitting and receiving unit

52: Terminal device authentication unit
53: State management unit

54: Terminal extracting unit

55: Terminal state acquisition unit

56: Narrowing unit

56a: Selection session ID generating unit
564: Terminal device IP address extracting unit
56¢: Primary selecting unit

56d: Priority determination unit

57: Session management unit

58: Quality determination unit

60: Delay time management unit

100: Maintenance system

120: Display

400: Display device

1000: Storing unit

3000: Storing unit

3001: Change quality management DB
4001: Document management DB

5000: Storing unit

5001: Relaying apparatus management DB
5002: Terminal device authentication management DB
5003: Terminal device management DB
5004: Destination list management DB
5005: Session management DB

5006: Priority management DB

5007: Quality management DB

BEST MODE FOR CARRYING OUT THE
INVENTION

Overall Configuration of Embodiments

Hereinafter, there will be explained an embodiment of the
present invention by referring to FIGS. 1-34. FIG. 1 is a
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schematic diagram of a transmission system 1 according to
the embodiment of the present invention. An outline of the
embodiment will be explained by referring to FIG. 1.

The transmission system 1 includes a data providing sys-
tem in which a transmission terminal device unilaterally
transmits content data to another transmission terminal
device through a transmission management system 50, and a
communication system in which plural transmission terminal
devices mutually transmit information and impressions
through the transmission management system 50. The com-
munication system is for plural communication terminal
devices (corresponding to the transmission terminal devices)
to mutually communicate information and impressions
through a communication management system (correspond-
ing to the transmission management system 50). Examples of
the communication system include a video conference sys-
tem, a videophone system, an audio conferencing system, a
voice telephone system, and a personal computer (PC) screen
sharing system.

In the embodiment, a video conference system is assumed
to be an example of the communication system, a video
conference management system is assumed to be an example
of'the communication management system, and a video con-
ference terminal device is assumed to be an example of the
communication terminal device. Based on these assumptions,
there will be explained the transmission system 1, the trans-
mission management system 50, and the transmission termi-
nal devices. Namely, the transmission terminal devices and
the transmission management system according to the
embodiment of the present invention can be applied to the
video conference system as well as the communication sys-
tem and a transmission system.

The transmission system 1 shown in FIG. 1 includes plural

transmission terminal devices (10aa, 10ab, . . . , 10db); dis-
plays (120aqa, 120ab, . . . , and 1204b) for the corresponding
transmission terminal devices (10aa, 10ab, . . ., and 10db);

plural relaying apparatuses (30a, 305, 30c, and 304); a trans-
mission management system 50; a program providing system
90; and a maintenance system 100.

In the embodiment, “the transmission terminal device 10”
represents an arbitrary one of the transmission terminal
devices (10aa, 10ab, . . . , and 10d4b); “the display 120~
represents an arbitrary one of the displays (120aa,
120ab, . . ., and 120db), and “the relaying apparatus 30~
represents an arbitrary one of the relaying apparatus (30a,
305, 30c, and 304).

The transmission terminal device 10 transmits image data,
audio data, and the like to another transmission terminal
device 10. The transmission terminal device 10 receives
image data, audio data, and the like from another transmission
terminal device 10. In the embodiment, a case will be
explained where the image of the image data is a moving
image. However, the image of the image data is not limited to
the moving image. The image of the image data may be a still
image. Further, the image of the image data may include both
a moving image and a still image. The relaying apparatus 30
relays the image data and the audio data among the plural
transmission terminal devices 10. The transmission manage-
ment system 50 centrally manages the transmission terminal
devices 10 and the relaying apparatus 30.

External input apparatuses (40aa, 40ab, and 40db) are
connected to the corresponding transmission terminal
devices (10aa, 10ab, . . ., and 10db). In the embodiment, “the
external input apparatus 40” represents an arbitrary one of the
external input apparatuses (40aa, 40ab, . . ., and 40db). The
external input apparatus 40 transmits display data for display-
ing document data to the transmission terminal device 10.
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Here, the document data represents, for example, data that
can be utilized by using document creation software, spread-
sheet software, and presentation software.

Further, plural routers (70a, 704, . . ., and 70f) shown in
FIG. 1 select optimum routes for the image data and the audio
data. In the embodiment, “the router 70” represents an arbi-
trary one of the routers (70a, 705, . . ., and 70f). The program
providing system 90 includes a hard disk drive (not shown),
which stores a transmission terminal program. The transmis-
sion terminal program is for causing the transmission termi-
nal 10 to realize various functions and/or various steps. The
program providing system 90 can transmit the transmission
terminal program to the transmission terminal device 10. The
hard disk drive of the program providing system 90 also stores
a relaying apparatus program. The relaying apparatus pro-
gram is for causing the relaying apparatus 30 to realize vari-
ous functions and/or various steps. The program providing
system 90 can transmit the relaying apparatus program to the
relaying apparatus 30. The hard disk drive of the program
providing system 90 also stores a transmission management
program. The transmission management program is for caus-
ing the transmission management system 50 to realize various
functions and/or various steps. The program providing sys-
tem 90 can transmit the transmission management program to
the transmission management system 50.

The transmission terminal device 10aa, the transmission
terminal device 10ab, the relaying apparatus 30q, and the
router 70a are connected to a LAN 2a. The transmission
terminal device 10aa, the transmission terminal device 10ab,
the relaying apparatus 30a, and the router 70a can commu-
nicate with each other through the LAN 24. The transmission
terminal device 105a, the transmission terminal device 1055,
the relaying apparatus 305, and the router 705 are connected
to a LAN 2b. The transmission terminal device 10ba, the
transmission terminal device 1055, the relaying apparatus
304, and the router 7056 can communicate with each other
through the LAN 2b. The LAN 24 and the LAN 25 are
connected to each other through a dedicated line 2ab, which
includes the router 70c. The LAN 2a and the LAN 2b can
communicate with each other through the dedicated line 2ab.
The LAN 2a and the LAN 25 are located within a predeter-
mined area A. For example, the area A is Japan, the LAN 2a
is located in an office in Tokyo, and the LAN 24 is located in
an office in Osaka.

The transmission terminal device 10ca, the transmission
terminal device 10cb, the relaying apparatus 30c, and the
router 70d are connected to a LAN 2¢. The transmission
terminal device 10ca, the transmission terminal device 10¢b,
the relaying apparatus 30c, and the router 704 can communi-
cate with each other through the LAN 2c¢. The transmission
terminal device 10da, the transmission terminal device 10db,
the relaying apparatus 304, and the router 70e are connected
to a LAN 2d. The transmission terminal device 10da, the
transmission terminal device 10d4b, the relaying apparatus
30d, and the router 70e can communicate with each other
through the LAN 2d. The LAN 2¢ and the LAN 2d are
connected to each other through a dedicated line 2¢d, which
includes the router 70f. The LAN 2¢ and the LAN 2d can
communicate with each other through the dedicated line 2¢d.
The LAN 2c¢ and the LAN 24 are located within a predeter-
mined area B. For example, the area B is the United States of
America, the LAN 2c¢ is located in an office in New York, and
the LAN 2d is located in an office in Washington, D.C., in the
United States of America. The router 70c in the area A and the
router 70f'in the area B are connected to each other through
the Internet 2i. The router 70c¢ and the router 70f'can commu-
nicate with each other through the Internet 2:.
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The transmission management system 50 and the program
providing system 90 are connected to the transmission termi-
nal devices 10 and the relaying apparatuses 30 through the
Internet 2i. The transmission management system 50 and the
program providing system 90 can communicate with the
transmission terminal devices 10 and the relaying appara-
tuses 30 through the Internet 2i. The transmission manage-
ment system 50 may be located in the area A, the area B, or an
area other than the areas A and B. Similarly, the program
providing system 90 may be located in the area A, the area B,
or an area other than the areas A and B.

The communication network 2 according to the embodi-
ment includes the LAN 2a; the LAN 25, the dedicated line
2ab; the Internet 2i; the dedicated line 2¢d; the LAN 2c¢; and
the LAN 2d.

In FIG. 1, the sets of four numbers indicated in the vicini-
ties of the transmission terminal devices 10, the relaying
apparatuses 30, the transmission management system 50, the
routers 70, and the program providing system 90, respec-
tively, simply show IPv4 IP addresses. For example, the IP
address of the transmission terminal device 10aa is (1. 2. 1.
3). Alternatively to the IPv4 IP addresses, IPv6 IP addresses
may be used. However, for the sake of simplicity, the embodi-
ment is explained using the IPv4 IP addresses.

<<Hardware Configurations According to the Embodi-
ment>>

Next, there will be explained hardware configurations
according to the embodiment.

FIG. 2 is an external view of the transmission terminal
device 10 according to the embodiment. Hereinafter, the
hardware configuration of the transmission terminal device
10 will be explained while assuming that a longitudinal direc-
tion of the transmission terminal device 10 is an X-axis direc-
tion, a direction in a horizontal plane that is perpendicular to
the X-axis direction is a Y-axis direction, and a direction
perpendicular to the X-axis direction and the Y-axis direction
(a vertical direction) is a Z-axis direction.

As shown in FIG. 2, the transmission terminal device 10
includes a chassis 1100; an arm 1200; and a camera housing
1300. A suction surface (not shown) is formed in a front wall
surface 1110 of the chassis 1100. The suction surface is
formed of plural suction holes. An exhaust plane 1121 is
formed in a rear wall surface 1120 of the chassis 1100. The
exhaust plane 1121 is formed of plural exhaust holes. With
this configuration, the air at the front side of the transmission
terminal device 10 is ingested into the chassis 1100 through
the suction surface (not shown) by driving of a cooling fan
included in the chassis 1100. Then, the air is exhausted to the
rear side of the transmission terminal device 10 through the
exhaust plane 1121. A sound pickup hole 1131 is formed at a
right wall surface 1130 of the chassis 1100. Voices, sounds,
and noise can be picked up by a built-in microphone 114
(described later).

An operations panel 1150 is formed in the chassis 1100 at
a side of the right wall surface 1130. The operations panel
1150 includes plural operation buttons (108a-108¢), a power
switch 109 (described later), and an alarm lamp 119 (de-
scribed later). Further, the operations panel 1150 includes a
sound output plane 1151. The sound output plane 1151 is
formed of plural sound output holes. An output sound from
the built-in speaker 115 passes through the sound output
holes. Further, an accommodating portion 1160 is formed in
the chassis 1100 at a side of a left wall surface 1140 as a
concave portion for accommodating the arm 1200 and the
camera housing 1300. Further, plural connecting ports
11324-1132¢ are formed in the right wall surface 1130 of the
chassis 1100. The connecting ports 1132a-1132¢ are for elec-
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trically connecting corresponding cables to an external device
connecting I/F 118 (described later). On the other hand, a
connecting port (not shown) for electrically connecting a
cable 120¢ for a display 120 to the external device connecting
I/F 118 is formed in the left wall surface 1140 of the chassis
1100.

In the explanation below, “the operation button 108 rep-
resents an arbitrary one of the operation buttons 108a-108e,
and “the connecting port 1132” represents an arbitrary one of
the connecting ports 11324-1132c¢.

The arm 1200 is attached to the chassis 1100 through a
torque hinge 1210. The arm 1200 can be pivoted in the ver-
tical direction within a range of a tilt angle 61 from 0 degree
to 135 degrees with respect to the chassis 1100. FIG. 2 shows
a state where the tilt angle 61 is 90 degrees.

The camera housing 1300 includes a built-in camera 1021.
For example, a user, a document, and a room can be photo-
graphed. Additionally, the camera housing 1300 includes a
torque hinge 1310. The camera housing 1300 is attached to
the arm 1200 through the torque hinge 1310. The camera
housing 1300 can be pivoted in the horizontal direction and in
the vertical direction with respect to the arm 1200. The cam-
era housing 1300 can be pivoted in the horizontal direction
within a range of a pan angle 62 from -180 degrees to +180
degrees. FIG. 2 shows the state where the pan angle 62 is 0
degrees. Further, the camera housing 1300 can be pivoted in
the vertical direction within a range of a tilt angle 63 from -45
degrees to +45 degrees. FIG. 2 shows the state where the tilt
angle 03 is 0 degrees.

Since external appearances of the relaying apparatus 30,
the management system 50, and the program providing sys-
tem 90 are the same as that of a usual server computer,
explanations of the external appearances of the relaying appa-
ratus 30, the management system 50, and the program pro-
viding system 90 are omitted.

FIG. 3 is a diagram showing a hardware configuration of
the transmission terminal device 10 according to the embodi-
ment of the present invention. As shown in FIG. 3, the trans-
mission terminal device 10 according to the embodiment
includes a central processing unit (CPU) 101; a read only
memory (ROM) 102; a random access memory (RAM) 103;
a flash memory 104; a solid state drive (SSD) 105; a media
drive 107; the operation button 108; the power switch 109; a
network I/F 111; a camera (a charge coupled device (CCD))
112; an image sensor I/F 113; the microphone 114; the
speaker 115; an audio input/output I/F 116; a display I/F 117,
the external device connecting I/F 118; the alarm lamp 119;
and a bus line 110. The CPU 101 controls the whole trans-
mission terminal device 10. The ROM 102 stores the trans-
mission terminal program. The RAM 103 is used by the CPU
101 as a work area. The flash memory 104 stores various
types of data such as image data and audio data. The SSD 105
controls reading out of the various types of data from the flash
memory 104 and writing the various types of data into the
flash memory 104 in accordance with the control of the CPU
101. The media drive 107 controls reading out of data from a
recording medium 106 such as a flash memory and writing
(recording) of data into the recording medium 106. The
operation button 108 is operated, for example, for selecting a
destination of the transmission terminal device 10. The power
switch 109 is for turning on and oft a power supply of the
transmission terminal device 10. The network I/F 111 is for
transmitting data by using the communication network 2
(described later). The camera 112 photographs an object and
obtains image data in accordance with the control of the CPU
101. The image sensor I/F 113 controls driving of the camera
112. The microphone 114 is for inputting sounds. The speaker
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115 is for outputting sounds. The audio input/output I/F 116
processes the input and output of audio signals between the
microphone 114 and the speaker 115 in accordance with the
control of the CPU 101. The display I/F 117 transmits image
datato the external display 120 in accordance with the control
of the CPU 101. The external device connecting I/F 118
transmits various types of data to an external device and
receives various types of data from an external device. The
alarm lamp 119 reports an abnormal state of a function of the
transmission terminal device 10. The bus line 110 is an
address bus and/or a data bus for electrically connecting the
above-described components as shown in FIG. 3.

The display 120 is a display screen that includes liquid
crystal or organic light-emitting diodes for displaying, for
example, an image of an object and/or an operational icon.
The display 120 is connected to the display I/F 117 through
the cable 120c¢. The cable 120¢ may be a cable for analog
RGB (VGA) signals, a cable for the component video, or a
cable for High-Definition Multimedia Interface (HDMI) sig-
nals or Digital VideoInteractive (DVI) signals.

The camera 112 includes, for example, a lens and a solid
state image sensor which converts an image (picture) of an
objectinto electronic data by converting light into charges. As
the solid state image sensor, a complementary metal oxide
semiconductor (CMOS) or a charge coupled device (CCD) is
used, for example.

An external device such as an external camera, an external
microphone, and an external speaker can be electrically con-
nected to the external device connecting I/F 118 through a
universal serial bus (USB) cable that is connected to the
connecting port 1132 of the chassis 1100 shown in FIG. 2.
When the external camera is connected to the transmission
terminal device 10, the external camera is preferentially
driven over the built-in camera 112 in accordance with the
control of the CPU 101. Similarly, when the external micro-
phone is connected to the transmission terminal device 10, the
external microphone is preferentially driven over the built-in
microphone 114 in accordance with the control of the CPU
101. Further, when the external speaker is connected to the
transmission terminal device 10, the external speaker is pref-
erentially driven over the built-in speaker 115 in accordance
with the control of the CPU 101.

The recording medium 106 is detachably attached to the
transmission terminal device 10. Alternatively to the flash
memory 104, an electrically erasable and programmable
ROM (EEPROM) may be utilized as a non-volatile memory
into which data can be written and from which data can be
read out in accordance with the control of the CPU 101.
Further, the solid state image sensor included in the camera
112 is an image sensor that converts an image (picture) of an
object into electronic data by converting light into charges.
The solid state image sensor is not limited to the CCD, pro-
vided that the solid state image sensor can photograph the
object. For example, the CMOS may be used as the solid state
image sensor. Further, the display 120 includes the liquid
crystal or the organic light-emitting diodes for displaying, for
example, an image of an object and/or an operational icon.

Further, the above-described transmission terminal pro-
gram may be stored in a computer readable recording
medium such as the recording medium 106 as a file in a
format that can be installed or in a format that can be
executed. In this case, the computer readable recording
medium storing the transmission terminal program may be
distributed.

FIG. 4 is a diagram showing a hardware configuration of
the transmission management system 50 according to the
embodiment of the present invention. The transmission man-
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agement system 50 includes a CPU 201; a ROM 202; a RAM
203; a hard disk (HD) 204; a hard disk drive (HDD) 205; a
media drive 207; a display 208; a network I/F 209; a keyboard
211; a mouse 212; a CD-ROM drive 214; an external device
I/F 215; and a bus line 210. The CPU 201 controls whole the
transmission management system 50. The ROM 202 stores
the transmission management program. The RAM 203 is
used by the CPU 201 as a work area. The HD 204 stores
various types of data. The HDD 205 controls reading out of
the various types of data from the HD 204 and writing of the
various types of data into the HD 204 in accordance with the
control of'the CPU 201. The media drive 207 controls reading
out of data from a recording medium 206 such as a flash
memory and writing (recording) of data into the recording
medium 206. The display 208 displays various types of infor-
mation such as a cursor, amenu, a window, a character, and an
image. The network I/F 209 is for transmitting data by using
the communication network 2 (described later). The key-
board 211 includes plural keys for inputting characters, num-
bers, and various instructions. The mouse 212 is used for
selecting and executing various instructions, selecting an
object to be processed, and moving the cursor, for example.
The CD-ROM drive 214 controls reading out of data from a
compact disc read only memory (CD-ROM) 213 as an
example of a removable recording medium and/or writing of
data into the CD-ROM 213. The external device I/F 215
transmits information to an external device, and receives
information from an external device. The bus line 210 is an
address bus and/or a data bus for electrically connecting the
above-described components as shown in FIG. 4.

The above-described transmission management program
may be stored in a computer readable recording medium such
as the recording medium 206 or the CD-ROM 213 as afile in
a format that can be installed or in a format that can be
executed. In this case, the computer readable recording
medium storing the transmission management program may
be distributed.

Since the external input apparatus 40 has a hardware con-
figuration similar to that of the transmission management
system 50, the explanation of the hardware configuration of
the external input apparatus 40 is omitted. However, for the
case of the external input apparatus 40, the ROM 202 stores a
program for the external input apparatus, which is for con-
trolling the external input apparatus 40. In this case, the
program for the external input apparatus may be stored in a
computer readable recording medium such as the recording
medium 206 or the CD-ROM 213 as a file in a format that can
be installed or in a format that can be executed, and the
computer readable recording medium storing the program
may be distributed.

Since a hardware configuration of the relaying apparatus
30 is the same as that of the transmission management system
50, the explanation of the hardware configuration of the relay-
ing apparatus 30 is omitted. However, for the case of the
relaying apparatus 30, the ROM 202 stores a program for the
relaying apparatus, which is for controlling the relaying appa-
ratus 30. In this case, the program for the relaying apparatus
may also be stored in a computer readable recording medium
such as the recording medium 206 or the CD-ROM 213 as a
file in a format that can be installed or in a format that can be
executed, and the computer readable recording medium stor-
ing the program may be distributed.

Since a hardware configuration of the program providing
system 90 is the same as that of the transmission management
system 50, the explanation of the hardware configuration of
the program providing system 90 is omitted. However, for the
case of the program providing system 90, the ROM 202 stores
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a program for the program providing system 90, which is for
controlling the program providing system 90. In this case, the
program for the program providing system 90 may also be
stored in a computer readable recording medium such as the
recording medium 206 or the CD-ROM 213 as a file in a
format that can be installed or in a format that can be
executed, and the computer readable recording medium stor-
ing the program may be distributed.

Further, the maintenance system 100 is a computer that
maintains, manages, and/or repairs at least one of the trans-
mission terminal device 10, the relaying apparatus 30, the
transmission management system 50, and the program pro-
viding system 90. For example, when the maintenance system
100 is located within a country and the transmission terminal
device 10, the relaying apparatus 30, the transmission man-
agement system 50, or the program providing system 90 is
located outside the country, the maintenance system 100
remotely performs maintenance (maintains, manages, and/or
repairs) of at least one of the transmission terminal device 10,
the relaying apparatus 30, the transmission management sys-
tem 50, and the program providing system 90 through the
communication network 2.

The maintenance system 100 also performs maintenance,
such as management of a model number, a serial number, a
purchaser, maintenance and inspection, or a failure history, of
at least one of the transmission terminal device 10, the relay-
ing apparatus 30, the transmission management system 50,
and the program providing system 90 without using the com-
munication network 2.

Since a hardware configuration of the maintenance system
100 is the same as that of the transmission management
system 50, the explanation of the hardware configuration of
the maintenance system 100 are omitted. However, for the
case of the maintenance system 100, the HD 204 stores a
program for maintenance system, which is for controlling the
maintenance system 100. In this case, the program for the
maintenance system may also be stored in a computer read-
able recording medium such as the recording medium 206 or
the CD-ROM 213 as a file in a format that can be installed or
in a format that can be executed, and the computer readable
recording medium storing the program may be distributed.
Further, the program for the maintenance system may be
stored in the ROM 202 instead of the HD 204.

Further, computer readable recording media such as acom-
pact disc recordable (CD-R), a digital versatile disk (DVD),
and a Blu-ray Disk (BD) can be considered as examples ofthe
removable recording medium. Therefore, each of the above-
described programs may be recorded in the CD-R, the DVD,
or the BD, and the CD-R, the DVD, or the BD storing the
corresponding program may be distributed.

<<Functional Configuration of the Transmission Sys-
tem>>

Next, there will be explained a functional configuration of
the transmission system 1 according to the embodiment.
FIGS. 5A and 5B are functional block diagrams of the trans-
mission terminal device 10, the relaying apparatus 30, and the
transmission management system 50 included in the trans-
mission system 1 according to the embodiment. In FIGS. 5A
and 5B, the transmission terminal device 10, the relaying
apparatus 30, and the transmission management system 50
are connected to each other through the communication net-
work 2, so that data communications can be performed
among the transmission terminal device 10, the relaying
apparatus 30, and the transmission management system 50.
The external input apparatus 40 is connected to the transmis-
sion terminal device 10, so that the external input apparatus
40 can transmit data to and receive data from the transmission
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terminal device 10. Further, FIG. 24 is a functional block
diagram of the external input apparatus 40 that is included in
the transmission system 1 according to the embodiment.
Since the program providing system 90 shown in FIG. 1 isnot
directly related to communications for video conferencing,
the program providing system 90 is omitted in FIGS. 5A and
5B.

<Functional Configuration of the Transmission Terminal
Device>

The transmission terminal device 10 includes a transmit-
ting and receiving unit 11; an operation input receiving unit
12; a log-in requesting unit 13; a photographing unit 14a; an
image display control unit 145; an audio input unit 15a; an
audio output unit 155; a selection processing unit 16; a delay
detection unit 17; an external information transmitting and
receiving unit 18; and a storing and reading unit 19. These
functional elements or steps are realized when the corre-
sponding elements shown in FIG. 3 operate in accordance
with instructions from the CPU 201. Here, the instructions
from the CPU 201 are in accordance with the program stored
in the ROM 202. Further, the transmission terminal device 10
includes a storing unit 1000. The storing unit 1000 is formed
of'the combination of the SSD 105 and the flash memory 104
shown in FIG. 3, for example.

(Functional Elements of the Transmission Terminal
Device)

Next, the functional elements of the transmission terminal
device 10 will be explained in detail. The transmitting and
receiving unit 11 of the transmission terminal device 10 is
realized by the network I/F 111 shown in FIG. 3. The trans-
mitting and receiving unit 11 transmits various types of data
(information) to and receives various types of data (informa-
tion) from another device, another apparatus, or another sys-
tem through the communication network 2. The operation
input receiving unit 12 is realized by the operation button 108
and the power switch 109 shown in FIG. 3. The operation
input receiving unit 12 receives various inputs from an opera-
tor. For example, when the operator turns on the power switch
109 shown in FIG. 3, the operation input receiving unit 12
shown in FIG. 5B receives the input for turning on the power
supply, and the operation input receiving unit 12 turns on the
power supply. The log-in requesting unit 13 is realized by an
instruction from the CPU 101 shown in FIG. 3. Triggered by
the reception of the input for turning on the power supply, the
log-in requesting unit 13 automatically transmits log-in
request information for requesting a log-in and the current IP
address of the transmission terminal device 10ab from the
transmitting and receiving unit 11 to the transmission man-
agement system 50 through the communication network 2.

The photographing unit 14a is realized by the camera 112,
and the image sensor I/F 113 shown in FIG. 3. The photo-
graphing unit 14a photographs an object, and outputs image
data that is obtained by the photographing.

The image display control unit 145 is realized by the dis-
play I/F 117. The image display control unit 145 controls
transmission of image data to the external display 120. The
image display control unit 145 suitably controls the resolu-
tion of the image data to be output depending on the resolu-
tion of the display (display device) 120 being connected.

As shown in FIG. 29, the image display control unit 145
includes a resolution retrieval unit 14510; a resolution deter-
mination unit 14511; a resolution selecting unit 14512; a
resolution changing unit 14615; and a resolution manage-
ment table reading unit 14516. The resolution retrieval unit
14510 obtains recommended resolution and available resolu-
tion from information (FIG. 30) that is retrieved from the
display 120. When a resolution management table is pro-

10

20

25

30

35

40

45

50

55

60

65

16

vided, the resolution retrieval unit 14510 obtains the resolu-
tion from the data that has been read out from the resolution
management table. The resolution determination unit 14511
determines whether the resolution satisfies a predetermined
condition. The resolution selecting unit 14512 selects a reso-
Iution among plural types of resolutions based on a predeter-
mined condition. The resolution changing unit 14515
changes the resolution to the selected resolution which has
been selected by the resolution selecting unit 14512. The
resolution management table reading unit 14516 reads out a
data line from the resolution management table.

FIG. 30 shows an example of data that is used for control by
the image display control unit 145. The data includes items
such as “current display resolution,” “recommended resolu-
tion,” “displayable resolution,” “block #1,” and “block #2.”
Here, the “current display resolution,” the “recommended
resolution,” and the “displayable resolution” correspond to
information in the basic data fields of the EDID, and the
“block #1” and the “block #2” correspond to information in
the extended data fields of the EDID.

As for the “current display resolution,” the resolution
(width and height) which has been obtained from the display
120 by the resolution retrieval unit 14510 and which is cur-
rently set for displaying is temporarily retained. The “recom-
mended resolution” is the resolution that is recommended by
the display 120. The “recommended resolution” is obtained
from the display 120. In many cases, the recommended reso-
Iution is defined to be the maximum displayable resolution
(native resolution). As for the “displayable resolution,” single
resolution (width and height) or plural types of resolutions
(width and height) which have been obtained by the resolu-
tion retrieval unit 14510 from the display 120 and which can
be displayed by the display 120 are retained. Some items
which may be defined at the display 120 may be allocated to
the “block #1” and the “block #2.” For example, 1280x720
has been allocated to the “block #1” as the displayable reso-
lution. However, here, it is assumed that the contents of the
“block #1” and the “block #2” have not been obtained due to
a conversion cable. Therefore, invalid values (NULL) are
indicated as the contents of the “block #1” and the “block #2.”

Further, the image display control unit 145 utilizes a ref-
erence aspect ratio (e.g., 16:9) that is utilized for transmitting
image data between the transmission terminal device 10 and
the relaying apparatus 30; priority resolution (e.g., 1280x720
for a high-definition television) that may be utilized if pos-
sible; standard resolution (e.g., 1024x768) that is the default
resolution; resolution that is higher than or equal to the pri-
ority resolution in the reference aspect ratio (e.g., 1920x1080
and 1280x720); wide resolution other than the reference
aspect ratio (e.g., 1280x800, 1280x768, and 1366x768); and
a standard aspect ratio for the standard resolution (e.g., 4:3) as
predefined data. In general, the resolution of 1366x768 is
classified as the aspect ratio of 16:9. However, this aspect
ratio is not exactly equal to 16:9. Therefore, the resolution of
1366x768 is excluded from the aspect ratio of 16:9.

The audio input unit 154 is realized by the microphone 114
and the audio input/output I/F 116 shown in FIG. 3. When
sound is input to the audio input unit 15a, the audio input unit
15a converts the sound into an audio signal and outputs audio
data including the audio signal. The audio output unit 155 is
realized by the speaker 115 and the audio input/output I/'F 116
shown in FIG. 3. The audio output unit 156 converts the audio
data including the audio signal into sound and outputs the
sound.

The selection processing unit 16 includes a measuring unit
164; a calculation unit 165; and a selecting unit 16¢, which are
realized by instructions from the CPU 101 shown in FIG. 3.
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This configuration is for the selection processing unit 16 to
perform a narrowing process where eventually one relaying
apparatus 30 is selected among the plural relaying appara-
tuses 30. The measuring unit 16a measures date and time of
receiving advance transmission information by the transmit-
ting and receiving unit 11 for each advance transmission
information piece (described later) that has been received by
the transmitting and receiving unit 11. The calculation unit
165 calculates, for each advance transmission information
piece for which the reception date and time has been mea-
sured by the measuring unit 16a, the time period spent from
transmitting the advance transmission information piece to
receiving the advance transmission information piece based
on a difference between the measured reception time and the
transmission data and time included in the advance transmis-
sion information. The selecting unit 16¢ eventually selects
one relaying apparatus 30 by selecting the relaying apparatus
30 which has relayed the advance transmission information
piece for which the shortest time period has been spent,
among the time periods that have been calculated by the
calculation unit 165.

The delay detection unit 17 is realized by instructions from
the CPU 101 shown in FIG. 3. The delay detection unit 17
detects a delay time period (ms) of image data or audio data
that has been transmitted from another transmission terminal
device 10 through the relaying apparatus 30. Further, the
external information transmitting and receiving unit 18 trans-
mits data to and receives data from an external device through
the external device I/F 118. Further, the storing and reading
unit 19 is realized by the SSD 105 shown in FIG. 3. The
storing and reading unit 19 stores various types of data in the
storing unit 1000, and reads out various types of data stored in
the storing unit 1000. The storing unit 1000 stores, for
example, a terminal device identification (ID) and a password
for identifying the transmission terminal device 10; a relaying
apparatus ID for identifying the relaying apparatus 30 that
transmits image data, audio data, and other types of data; and
an IP address of a destination terminal device. Further, the
storing unit 1000 stores a display data acquisition unit 451
and a display data transmitting unit 452. The display data
acquisition unit 451 and the display data transmitting unit 452
are transmitted to the external input apparatus 40, and operate
on the external input apparatus 40. The display data acquisi-
tion unit 451 is for the external input apparatus 40 to obtain
display data. The display data transmitting unit 452 is for
transmitting the display data that has been obtained by the
display data acquisition unit 451 to the transmission terminal
device 10. The display data is, for example, image data which
is formed by converting an image displayed on a screen of a
display device into a Joint Photographic Experts Group
(JPEG) format or into a Bitmap format, or drawing com-
mands which are formed by converting the image displayed
on the screen of the display device into a Graphics Device
Interface (GDI) format.

The terminal device ID according to the embodiment is, for
example, identifying information such as descriptions, char-
acters, symbols, or various types of marks that are used for
uniquely identifying the transmission terminal device 10.
Similarly, the relaying apparatus ID (described later) is, for
example, identifying information such as descriptions, char-
acters, symbols, or various types of marks that are used for
uniquely identifying the relaying apparatus 30. Further, the
terminal device ID and the relaying apparatus 1D may be
identifying information in which at least two of the above-
described descriptions, characters, symbols, and various
types of marks are combined. Hereinafter, in the explanation,
the transmission terminal device 10 which requests to start a
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video conference is referred to as a “requesting terminal
device 10A,” and the transmission terminal device 10 which
is requested to start the video conference is referred to as a
“destination terminal device 10B.”

<Functional Configuration of the External Input Appara-
tus>

As shown in FIG. 24, the external input apparatus 40
includes a transmitting and receiving unit 41; a connection
detection unit 42; an install determination unit 43; a program
acquisition unit 44; an operation input receiving unit 46; a
display control unit 47; a mount unit 48; and a storing and
reading unit 49. These functional elements or steps are real-
ized when the corresponding elements shown in FIG. 4 oper-
ate in accordance with instructions from the CPU 201. Here,
the instructions from the CPU 201 are in accordance with the
program stored in the ROM 202. Further, the external input
apparatus 40 includes a storing unit 4000. The storing unit
4000 is formed of the HDD 205 shown in FIG. 4. Further, an
operating system (OS) such as Windows (registered trade-
mark) has been installed in the external input apparatus 40.
Therefore, the external input apparatus 40 has a capability to
execute a program when the external input apparatus 40 is
connected to another device.

<Functional Elements of the External Input Apparatus>

The transmitting and receiving unit 41 of the external input
apparatus 40 is realized by the network I/F 209 shown in FIG.
4. The transmitting and receiving unit 41 transmits various
types of data (information) to and receives various types of
data (information) from the transmission terminal device 10.
The connection detection unit 42 detects that transmission
and reception of data between an external device and the
external input apparatus 40 are enabled by the external device
I/F 215. The install determination unit 43 determines whether
the display data acquisition unit 451 and the display data
transmitting unit 452 have been installed in the external input
apparatus 40. The program acquisition unit 44 obtains the
display data acquisition unit 451 and the display data trans-
mitting unit 452 from the storing unit 1000 of the transmis-
sion terminal device 10 that has been connected to the exter-
nal input apparatus 40 through the transmitting and receiving
unit 41, and the program acquisition unit 44 installs the dis-
play data acquisition unit 451 and the display data transmit-
ting unit 452 in the external input apparatus 40. The operation
input receiving unit 46 accepts an input through an operation
of'an operator. The display control unit 47 causes the display
device 400 to display an image which has been read out by the
storing and reading unit 49 (described later). The mount unit
48 causes storing units of various devices connected to the
external input apparatus 40 to be available. The storing and
reading unit 49 is realized by the HDD 205 shown in FIG. 4.
The storing and reading unit 49 stores various types of data in
the storing unit 4000, and reads out various types of data
stored in the storing unit 4000. The storing unit 4000 stores
document data, for example.

<Functional Configuration of the Relaying Apparatus>

Next, functions and/or steps of the relaying apparatus 30
will be explained. The relaying apparatus 30 includes a trans-
mitting and receiving unit 31; a state detection unit 32; a data
quality confirming unit 33; a change quality management unit
34; a data quality changing unit 35; and a storing and reading
unit 39. These functional elements or steps are realized when
the corresponding elements shown in FIG. 4 operate in accor-
dance with instructions from the CPU 201. Here, the instruc-
tions from the CPU 201 are in accordance with the program
stored in the ROM 202. Further, the relaying apparatus 30
includes a storing unit 3000. The storing unit 3000 is formed
of the HD 204 shown in FIG. 4.
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(Change Quality Management Table)

The storing unit 3000 includes a change quality manage-
ment DB 3001 that includes a change quality management
table as shown in FIG. 7. The change quality management
table manages an IP address of the transmission terminal
device 10 as a relay destination of image data; and image
quality of the image data that is relayed by the relaying
apparatus 30 to the relay destination. In the change quality
management table, the image quality of the image data is
associated with the IP address of the transmission terminal
device 10, as shown in FIG. 7, for example.

Hereinafter, there will be explained resolution of an image
of image data according to the embodiment. Three types of
images are considered here. The first one is a low resolution
image such as shown in FIG. 6 A. The low resolution image is
formed of 160 pixels in the horizontal direction and 120
pixels in the vertical direction. The low resolution image is to
be a base image. The second one is a middle resolution image
such as shown in FIG. 6B. The middle resolution image is
formed of 320 pixels in the horizontal direction and 240
pixels in the vertical direction. The third one is a high reso-
Iution image such as shown in FIG. 6C. The high resolution
image is formed of 640 pixels in the horizontal direction and
480 pixels in the vertical direction. When the data travels
through a narrow bandwidth path, low quality image data is
relayed. Here, the low quality image data is formed only of
the low resolution image data, which is to be the base image.
When the bandwidth is relatively broad, middle quality image
dataisrelayed. The middle quality image data is formed of the
low resolution image data, which is to be the base image, and
the middle resolution image data. Further, when the band-
width is very broad, high quality image data is relayed. The
high quality image data is formed of the low resolution image
data, which is to be the base image, the middle resolution
image data, and the high resolution image data. For example,
as shown in the change quality management table of FIG. 7,
when the relaying apparatus 30 relays image data to the
destination terminal device 10db having the IP address of (1.
3.2.4), image quality of the image data (quality of the image)
to be relayed is “high quality.”

<Functional Elements of the Relaying Apparatus>

Next, the functional elements of the relaying apparatus 30
will be explained in detail. In the explanation below, while
explaining the functional elements of the relaying apparatus
30, there will be also explained relationships between the
functional elements and the major components (among the
components shown in FIG. 4) for realizing the functional
elements.

The transmitting and receiving unit 31 of the relaying
apparatus 30 shown in FIG. 5B is realized by the network I/F
209 shown in FIG. 4. The transmitting and receiving unit 31
transmits various data (information) to and receives various
data (information) from another terminal device, another
apparatus, or another system through the communication net-
work 2. The state detection unit 32 is realized by instructions
from the CPU 201 shown in FIG. 4. The state detection unit 32
detects an operating state of the relaying apparatus 30 having
the state detection unit 32. The operation states of the relaying
apparatus 30 include an online state, an offline state, and a
failure state.

The data quality confirming unit 33 is realized by instruc-
tions from the CPU 201 shown in FIG. 4. The data quality
confirming unit 33 searches the change quality management
table (cf. FIG. 7) for image quality of image data to be
relayed, by using the IP address of the destination terminal
device 10B as a search key. The data quality confirming unit
33 confirms the image quality of the image data to be relayed
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by extracting the image quality corresponding to the IP
address of the destination terminal device 10B. The change
quality management unit 34 is realized by instructions from
the CPU 201 shown in FIG. 4. The change quality manage-
ment unit 34 changes contents of the change quality manage-
ment DB 3001 based on quality information (described later)
transmitted from the transmission management system 50.
For example, during a video conference that is performed by
transmitting and receiving high quality image data between
the requesting terminal device 10aa having a terminal device
1D of“Olaa” and the destination terminal device 1045 having
a terminal device ID of “01db,” when a delay in receiving
image data with the destination terminal device 1045 is
caused, for example, by starting of another video conference
between the requesting terminal device 1065 and the desti-
nation terminal device 10ca through the communication net-
work 2, the relay apparatus 30 may be required to lower the
image quality of the image data that has been relayed so far
from the high quality to the middle quality. In such a case, the
contents of the change quality management DB 3001 is
changed based on the quality information indicating the
middle quality, so that the image quality of the image data
relayed by the relaying apparatus 30 is lowered from the high
quality to the middle quality.

The data quality changing unit 35 is realized by instruc-
tions from the CPU 201 shown in FIG. 4. The data quality
changing unit 35 changes the image quality of the image data
that has been transmitted from a transmission source terminal
device 10 based on the contents of the change quality man-
agement DB 3001 that have been changed. The storing and
reading unit 39 is realized by the HDD 205 shown in FIG. 4.
The storing and reading unit 39 stores various types of data in
the storing unit 3000, and the storing and reading unit 39
reads out various types of data stored in the storing unit 3000.

<Functional Configuration of the Transmission Manage-
ment System>

Next, functions and/or steps of the transmission manage-
ment system 50 will be explained. The transmission manage-
ment system 50 includes a transmitting and receiving unit 51;
a terminal device authentication unit 52; a state management
unit 53; a terminal extracting unit 54; a terminal state acqui-
sition unit 55; a narrowing unit 56; a session management unit
57, a quality determination unit 58; a storing and reading unit
59; and a delay time management unit 60. These functional
elements or the steps are realized when the corresponding
elements shown in FIG. 4 operate in accordance with instruc-
tions from the CPU 201. Here, the instructions from the CPU
201 are in accordance with the program stored in the ROM
202. Further, the transmission management system 50
includes a storing unit 5000 formed of the HD 204 shown in
FIG. 4.

(Relaying Apparatus Management Table)

The storing unit 5000 includes a relaying apparatus man-
agement DB 5001 that includes a relaying apparatus manage-
ment table shown in FIG. 8. The relaying apparatus manage-
ment table manages, for each relaying apparatus ID of the
corresponding relaying apparatus 30, an operating state of the
corresponding relaying apparatus 30; date and time of receiv-
ing state information indicating the operating state by the
transmission management system 50; an [P address of the
corresponding relaying apparatus 30; and the maximum
transmission rate (Mbps) of the corresponding relaying appa-
ratus 30. In the relaying apparatus management table, each of
the relaying apparatus IDs is associated with the operating
state of the corresponding relaying apparatus 30; the date and
time of receiving the state information indicating the operat-
ing state by the transmission management system 50; the IP
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address of the corresponding relaying apparatus 30; and the
maximum transmission rate (Mbps) of the corresponding
relaying apparatus 30. For example, the relaying apparatus
management table shown in FIG. 8 indicates that, for the
relaying apparatus 30a having the relaying apparatus ID of
“111a,” the operating state is the online state, the date and
time of receiving the state information by the transmission
management system 50 is “13:00, Nov. 10, 2009,” the IP
address of the relaying apparatus 30a is (1. 2. 1. 2), and the
maximum data transmission rate of the relaying apparatus
30a is 100 Mbps.

(Terminal Device Authentication Management Table)

Further, the storing unit 5000 includes a terminal device
authentication management DB 5002 that includes a terminal
device authentication management table such as shown in
FIG. 9. The terminal device authentication management table
manages the terminal device IDs of all the transmission ter-
minal devices that are managed by the transmission manage-
ment system 50. In the terminal device authentication man-
agement table, the terminal device IDs are associated with the
corresponding passwords. For example, the terminal device
authentication management table shown in FIG. 9 indicates
that the terminal device ID of the transmission terminal
device 10aaq is “0Olaa” and the password is, “aaaa.”

(Terminal Device Management Table)

Further, the storing unit 5000 includes a terminal device
management DB 5003 that includes a terminal device man-
agement table such as shown in FIG. 10. The terminal device
management table manages, for each of the terminal device
IDs of the transmission terminal devices 10, an operating
state of the corresponding transmission terminal device 10;
date and time of receiving the log-in request information
(described later) by the transmission management system 50;
and an IP address of the corresponding transmission terminal
device 10. In the terminal device management table, each of
the terminal device IDs of the transmission terminal devices
10 is associated with the operating state of the corresponding
transmission terminal device 10; the date and time of receiv-
ing the log-in request information by the transmission man-
agement system 50; and the IP address of the corresponding
transmission terminal device 10. For example, the terminal
device management table shown in FIG. 10 indicates that, for
the transmission terminal device 10aa having the terminal
device ID of “Olaa,” the operating state is the online state, the
date and time of receiving the log-in request information by
the transmission management system 50 is “13:40, Nov. 10,
2009,” and the IP address of the transmission terminal device
10aais (1.2.1.3).

(Destination List Management Table)

Further, the storing unit 5000 includes a destination list
management DB 5004 that includes a destination list man-
agement table such as shown in FIG. 11. The destination list
management table manages, for the terminal device ID of the
requesting terminal device 10A that requests to start a video
conference, the terminal device IDs of the transmission ter-
minal devices 10 that have been registered as candidates for
the destination terminal device 10B. In the destination list
management table, the terminal device ID of the requesting
terminal device 10A is associated with the terminal device
IDs of the transmission terminal devices 10 that have been
registered as the candidates for the destination terminal
device 10B. For example, the destination list management
table shown in FIG. 11 indicates that the transmission termi-
nal device 10ab having the terminal device ID of “Olab,” the
transmission terminal device 10ab having the terminal device
ID of “0l1ba,” and the transmission terminal device 10db
having the terminal device ID of“01db” are the candidates for
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the destination terminal device 10B that can be requested to
start a video conference from the requesting terminal device
10aa having the terminal device ID of “Olaa.” A candidate for
the destination terminal device 10B may be added or removed
in accordance with a request for adding or removing from the
requesting terminal device 10A to the transmission manage-
ment system 50.

(Session Management Table)

Further, the storing unit 5000 includes a session manage-
ment DB 5005 that includes a session management table such
as shown in FIG. 12. The session management table manages,
for each of selection session IDs that is used for executing a
corresponding session for selecting the corresponding relay-
ing apparatus 30, a relaying apparatus ID of the relaying
apparatus 30 that is used for relaying image data and audio
data; the terminal device ID of the requesting terminal device
10A; the terminal device ID of the destination terminal device
10B; a delay time period (ms) for receiving image data at the
destination terminal device; and date and time of receiving
delay information, which is transmitted from the destination
terminal device 10B and which indicates the delay time
period, by the transmission management system 50. In the
session management table, each of the selection session IDs is
associated with the relaying apparatus ID of the relaying
apparatus 30 that is used for relaying image data and audio
data; the terminal device ID of the requesting terminal device
10A; the terminal device ID of the destination terminal device
10B; the delay time period (ms) for receiving image data at
the destination terminal device; and the date and time of
receiving delay information by the transmission management
system 50. For example, the session management table shown
in FIG. 12 indicates that the relaying apparatus 30a having the
relaying apparatus ID of “111a” that has been selected in a
session that has been executed while using the selection ses-
sion ID of “sel” is relaying image data and audio data
between the requesting terminal device 10aa having the ter-
minal device ID of “Olaa” and the destination terminal device
10db having the terminal device ID of “01db,” and that a delay
time period for receiving the image data by the destination
terminal device 10d4b at “14:00, Nov. 10, 2009 is 200 ms.
When the video conference is performed between two trans-
mission terminal devices 10, the date and time of receiving
the delay information may be managed based on the delay
information that has been transmitted from the requesting
terminal device 10A, instead of the destination terminal
device 10B. However, when the video conference is per-
formed among three or more transmission terminal devices
10, the date and time of receiving the delay information is
managed based on the delay information that has been trans-
mitted from one of the transmission terminal devices 10 that
is receiving the image data and the audio data.

(Address Priority Management Table)

Further, the storing unit 5000 includes a priority manage-
ment DB 5006 that includes an address priority management
table such as shown in FIG. 13. The address priority manage-
ment table manages values indicating priority of an IP
address. In the address priority management table, degrees of
similarity between the IP address and another IP address are
associated with the corresponding values indicating the pri-
ority of the IP address. A usual IPv4 IP address includes a set
of four dot address portions. In the address priority manage-
ment table, the priority of the IP address is managed such that,
as a number of dot address portions of the IP address having
common values with the corresponding dot address portions
of the other IP address increases, the value indicating the
priority of the IP address increases. For example, in the
address priority management table shown in FIG. 13, when



US 9,319,628 B2

23

three dot address portions from a higher order position to a
lower order position (namely, from left to right) of the IP
address have common values with corresponding dot address
portions of the other IP address, the value of the priority of the
IP address is 5. When two dot address portions from the
higher order position to the lower order position of the IP
address have common values with the corresponding dot
address portions of the other IP address, the value of the
priority of the IP address is 3. In this case, whether the dot
address portion at the lowest order position of the IP address
has a common value with the corresponding dot address
portion of the other IP address has nothing to do with the
priority of the IP address. When the dot address portion at the
highest order position of the IP address has a common value
with the corresponding dot address portion of the other IP
address, but the dot address portion at the position next to the
highest order position of the IP address has a value that is
different from a value of the corresponding dot address por-
tion of the other IP address, the value of the priority of the IP
address is 1. In this case, whether the dot address portion at
the third position from the highest order position of the IP
address has a common value with the corresponding dot
address portion of the other IP address has nothing to do with
the priority of the IP address. Similarly, whether the dot
address portion at the lowest order position of the IP address
has a common value with the corresponding dot address
portion of the other IP address has nothing to do with the
priority of the IP address. When a value of the dot address
portion at the highest order position of the IP address is
different from that of the other IP address, the value of the
priority of the IP address is 0. In this case, whether the dot
address portion at the second position from the highest order
position of the IP address has a common value with the
corresponding dot address portion of the other IP address has
nothing to do with the priority of the IP address. Similarly,
whether the dot address portion at the third position from the
highest order position of the IP address has a common value
with the corresponding dot address portion of the other IP
address has nothing to do with the priority of the IP address,
and whether the dot address portion at the lowest order posi-
tion of the IP address has a common value with the corre-
sponding dot address portion of the other IP address has
nothing to do with the priority of the IP address.

(Transmission Rate Priority Management Table)

Further, the priority management DB 5006 included in the
storing unit 5000 includes a transmission rate priority man-
agement table such as shown in FIG. 14. The transmission
rate priority management table manages values indicating
priority of a data transmission rate. In the transmission rate
priority management table, values of the maximum data
transmission rate (Mbps) are associated with the correspond-
ing values indicating the priority of the data transmission rate.
In the transmission rate priority management table, the prior-
ity of the transmission rate is managed such that, as the value
of'the maximum data transmission rate (Mbps) at the relaying
apparatus 30 increases, the value indicating the priority of the
data transmission rate increases. For example, in the trans-
mission rate priority management table shown in FIG. 14,
when the maximum data transmission rate at the relaying
apparatus 30 is greater than or equal to 1000 Mbps, the value
indicating the priority of the data transmission rate is 5. When
the maximum data transmission rate at the relaying apparatus
30 is greater than or equal to 100 Mbps and less than 1000
Mbps, the value indicating the priority of the data transmis-
sion rate is 3. When the maximum data transmission rate at
the relaying apparatus 30 is greater than or equal to 10 Mbps
and less than 100 Mbps, the value indicating the priority of the
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data transmission rate is 1. When the maximum data trans-
mission rate at the relaying apparatus 30 is less than 10 Mbps,
the value indicating the priority of the data transmission rate
is 0.

(Quality Management Table)

Further, the storing unit 5000 includes a quality manage-
ment DB 5007 that includes a quality management table such
as shown in FIG. 15. The quality management table manages
image quality of image data (quality of the image) that is
relayed by the relaying apparatus 30. In the quality manage-
ment table, delay time periods (ms) of the image data at the
requesting terminal device 10 A or at the destination terminal
device 10B are associated with the corresponding types of the
image quality.

(Functional Elements of the Transmission Management
System)

Next, functional elements of the transmission management
system 50 will be explained in detail. In the explanation
below, while explaining the functional elements of the trans-
mission management system 50, there will be explained rela-
tionships between the functional elements and the major
components (among the components shown in FIG. 4) for
realizing the functional elements.

The transmitting and receiving unit 51 is realized by the
network I/F 209 shown in FIG. 4. The transmitting and receiv-
ing unit 51 transmits various types of data (information) to
and receives various types of data (information) from another
terminal device, another apparatus, or another system
through the communication network 2. The terminal device
authentication unit 52 searches the terminal device authenti-
cation DB 5002 of the storage unit 5000 for the terminal
device ID and the password by using the terminal device ID
and the password included in the log-in request information
that has been received through the transmitting and receiving
unit 51 as a search key. The terminal device authentication
unit 52 authenticates the transmission terminal device 10 by
determining whether the terminal device ID and the password
that are the same as the terminal device ID and the password
included in the log-in request information have been managed
by the terminal device authentication management DB. In
order to manage an operating state of the requesting terminal
device 10A that has requested to log-in, the state management
unit 53 associates the terminal device ID of the requesting
terminal device 10A with the an operating state of the request-
ing terminal device 10A, date and time of receiving the log-in
request information by the transmission management system
50, and the IP address of the requesting terminal device 10A.
The state management unit 53 stores the terminal device ID of
the requesting terminal device 10A, the operating state of the
requesting terminal device 10A, the date and time of receiv-
ing the log-in request information by the transmission man-
agement system 50, and the IP address of the requesting
terminal device 10A in the terminal device management table
(cf. FIG. 11), and thereby the state management unit 53
manages the operating state of the requesting terminal device
10A.

The terminal extracting unit 54 searches the destination list
management table (cf. FIG. 11) for the terminal device ID by
using the terminal device ID of the requesting terminal device
10A that has requested to log-in as a key, and the terminal
extracting unit 54 extracts the terminal device ID by reading
out the terminal device IDs of the candidates for the destina-
tion terminal device 10B that can communicate with the
requesting terminal device 10A. Further, the terminal extract-
ing unit 54 searches the destination list management table (cf.
FIG. 11) for the terminal device ID by using the terminal
device ID of the requesting terminal device 10A that has
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requested to log-in as the key, and the terminal extracting unit
54 extracts a terminal device ID of another requesting termi-
nal device 10A that has registered the terminal device ID of
the requesting terminal device 10A as a candidate for the
destination terminal device 10B.

The terminal state acquisition unit 55 searches the terminal
device management table (cf. FIG. 10) for the operating states
of the candidates for the destination terminal device 10B by
using the corresponding terminal device IDs of the candidates
for the destination terminal device 10B that have been
extracted by the terminal extracting unit 54, and the terminal
state acquisition unit 55 reads out, for each of the terminal
device IDs that has been extracted by the terminal extracting
unit 54, the corresponding operating state. In this manner, the
terminal state acquisition unit 55 can obtain the operating
states of the candidates for the destination terminal device
10B that can communicate with the requesting terminal
device 10A that has requested to log-in. Further, the terminal
state acquisition unit 55 searches the terminal device man-
agement table (cf. FIG. 10) for the operating state of the
requesting terminal device 10A by using the terminal device
ID of the requesting terminal device 10A as the key, and
thereby the terminal state acquisition unit 55 extracts the
operating state of the requesting terminal device 10A that has
requested to log-in.

In order to facilitate a final narrowing process for eventu-
ally selecting one relaying apparatus 30 from the plural relay-
ing apparatuses 30, the narrowing unit 56 performs a primary
narrowing process prior to the final narrowing process. There-
fore, the narrowing unit 56 includes a selection session 1D
generating unit 56q; a terminal device ID address extracting
unit 56b; a primary selecting unit 56¢; and a priority deter-
mination unit 56d. The selection session ID generating unit
56a generates a selection session ID that is used for executing
a session for selecting the relaying apparatus 30. The terminal
device IP address extracting unit 565 searches the terminal
device management table (cf. FIG. 10) for the IP address of
the requesting terminal device 10A and the IP address of the
destination terminal device 10B based on the terminal device
1D of the requesting terminal device 10A and the terminal
device ID of the destination terminal device 10B that have
been included in start request information transmitted from
the requesting terminal device 10A, and thereby the terminal
device IP address extracting unit 565 extracts the IP address
of the requesting terminal device 10A and the IP address of
the destination terminal device 10B. The primary selecting
unit 56¢ selects the relaying apparatuses 30 by selecting the
relaying apparatus IDs of the relaying apparatuses 30 whose
operating states are the online states, among the relaying
apparatuses 30 managed by the relaying apparatus manage-
ment table (cf. FIG. 8).

Further, the primary selecting unit 56¢ searches the relay-
ing apparatus management table (cf. FIG. 8) for the IP
addresses of the relaying apparatuses 30 based on the IP
address of the requesting terminal device 10A and the IP
address of the destination terminal device 10B that have been
extracted by the terminal device IP address extracting unit
564, and thereby the primary selecting unit 56¢ examines, for
each of the selected relaying apparatuses 30, whether the
value of each of the dot addresses included in the IP address
of the relaying apparatus 30 is the same as the value of the
corresponding dot address of the IP address of the requesting
terminal device 10A and the value of the corresponding dot
address of the IP address of the destination terminal device
10B. The primary selecting unit 56¢ further performs selec-
tion of the relaying apparatus 30 by selecting two of the
relaying apparatuses 30 in a descending order of combined
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values. Here, the combined value is defined for each of the
relaying apparatuses 30 to be a value obtained by adding the
value indicating the priority of the data transmission rate and
the greater value between the value indicating the priority of
the IP address of the relaying apparatus 30 with respect to the
requesting terminal device 10A and the value indicating the
priority of the IP address of the relaying apparatus 30 with
respect to the destination terminal device 10B.

In the embodiment, the two of the relaying apparatuses 30
are selected in the descending order of the combined values.
However, the embodiment is not limited to this. For example,
three or more of the relaying apparatuses 30 may be selected
in the descending order of the combined values, provided that
the number of the relaying apparatuses 30 can be narrowed
down.

The priority determination unit 564 determines the value
indicating the priority of the IP address for each of the relay-
ing apparatuses 30 that have been examined by the primary
selecting unit 56¢ by referring to the address priority man-
agement table (cf. FIG. 13). Further, the priority determina-
tion unit 564 determines the value indicating the priority of
the data transmission rate for each of the relaying apparatuses
30 that have been selected by the primary selecting unit 56¢
by searching the transmission rate priority management table
(cf. FIG. 14) for the values indicating the priority of the data
transmission rate, based on the maximum transmission rates
of'the corresponding relaying apparatuses 30 managed by the
relaying apparatus management table (cf. FIG. 8).

The session management unit 57 manages the session man-
agement table (cf. FIG. 12) included in the storing unit 5000.
In the session managementtable, each of the selection session
1Ds generated by the selection session ID generating unit 56a
is associated with the corresponding terminal device ID ofthe
requesting terminal device 10A and the corresponding termi-
nal device ID of the destination terminal device 10B. The
selection session IDs, the corresponding terminal device IDs
of the requesting terminal devices 10A, and the correspond-
ing terminal device IDs of the destination terminal device
10B are stored in the session management table. Further, the
session management unit 57 stores, for each of the selection
session IDs, the relaying apparatus ID of the corresponding
relaying apparatus 30, which has eventually been selected by
the selecting unit 16¢ of the transmission terminal device 10,
in the session management table (cf. FIG. 12), and thereby the
session management unit 57 manages, for each of the selec-
tion session IDs, the relaying apparatus 1D of the correspond-
ing relaying apparatus 30.

The quality determination unit 58 searches the quality
management table (cf. FIG. 15) for the image quality by using
the delay time period as a search key, and the quality deter-
mination unit 58 extracts the image quality of the image data
corresponding to the delay time period. In this manner, the
quality determination unit 58 determines the image quality of
the image data, which is to be relayed by the relaying unit 30.
The storing and reading unit 59 is realized by the HDD 205
shown in FIG. 4. The storing and reading unit 59 stores
various types of data into the storing unit 5000, and reads out
various types of data stored in the storing unit 5000. The delay
time management unit 60 searches the terminal management
table (cf. FIG. 10) for the terminal device ID by using the IP
address ofthe destination terminal device 10B as a search key,
and thereby the delay time management unit 60 extracts the
corresponding terminal device ID. Further, in the session
management table (cf. FIG. 12), the delay time management
unit 60 stores the delay time period indicated in the delay
information into a field for the delay time period of a record
which includes the extracted terminal device ID.
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<<Processing and Operations>>

(Basic Processing and Operations)

The configuration and functions (or steps) of the transmis-
sion system 1 according to the embodiment have been
described above. Hereinafter, there will be explained a pro-
cessing method in the system 1 according to the embodiment
by referring to FIGS. 16-23 and FIGS. 25-28. FIG. 16 is a
sequence diagram showing a process of managing state infor-
mation indicating states of the corresponding relaying appa-
ratuses 30. The state information has been transmitted from
the corresponding relaying apparatuses 30 to the transmission
management system 1. FIG. 17 is a sequence diagram show-
ing processes in a preparatory phase of starting communica-
tions among plural transmission terminal devices 10. FIG. 18
is a sequence diagram showing a process of narrowing down
the relaying apparatuses 30. FIG. 19 is a flowchart showing
the process of narrowing down the relaying apparatuses 30.
FIG. 20 is a diagram showing a state of calculating the values
for narrowing down the relaying apparatuses 30. FIG.21is a
sequence diagram showing a process by the transmission
terminal device 10 of selecting the relaying apparatus 30.
FIG. 22 is a process flow diagram showing the process by the
transmission terminal device 10 of selecting the relaying
apparatus 30. FIG. 23 is a sequence diagram showing pro-
cesses of sending and receiving image data and audio data
among transmission terminal device 10. FIG. 25 is a sequence
diagram showing a process of causing the transmission ter-
minal device 10 being a counterparty of a videoconference to
indicate display data that has been displayed by the external
input apparatus 40. FIG. 26 is an example of a screen which
is caused to be displayed on the transmission terminal device
10 by the external input apparatus 40. FIG. 27 shows an
example of a screen on which image data and the display data
are indicated by the transmission terminal device 10. FIG. 28
is a flowchart showing a process of installing the display data
acquisition unit 451 by the external input apparatus 40.

First, there will be explained the process of managing the
state information indicating the states of the corresponding
relaying apparatuses 30 that have been transmitted from the
corresponding relaying apparatuses 30 to the transmission
management system 50 by referring to FIG. 16. In each of the
relaying apparatuses 30, the state detection unit 32 shown in
FIG. 5B regularly detects an operating state of the relaying
apparatus 30 itself (S1-1-S1-4). In order for the transmission
management system 50 to manage the operating states of the
corresponding relaying apparatuses 30 in real time, the trans-
mitting and receiving unit 31 of each of the relaying appara-
tuses 30 regularly transmits the state information to the trans-
mission management system 50 through the communication
network 2 (steps S2-1-S2-4). The state information includes
the relaying apparatus IDs of the corresponding relaying
apparatuses 30 and the operating states detected by the state
detection units 32 of the corresponding relaying apparatuses
30. In the embodiment, it is assumed that the relaying appa-
ratuses 30a, 30h, and 304 are operating normally and the
operating states of the relaying apparatuses 30a, 305, and 304
are the online states. On the other hand, it is assumed that
relaying apparatus 30c is operating but some sort of failure
has occurred in the program for executing relaying operation
of the relaying apparatus 30c, and the operating state of the
relaying apparatus 30c¢ is the offline state.

Subsequently, in the transmission management system 50,
the transmitting and receiving unit 51 receives the state infor-
mation transmitted from the corresponding relaying appara-
tuses 30. Then, the transmission management system 50
stores and manages the state information for each of the
relaying apparatus IDs in the relaying apparatus management

10

15

20

25

30

35

40

45

50

55

60

65

28

table (cf. FIG. 8) included in the storing unit 5000 through the
storing and reading unit 59 (steps S3-1-S3-4). In this manner,
the operating state indicating one of the online state, the
offline state, and the failure state is stored and managed for
each of the relaying apparatus IDs in the relaying apparatus
management table shown in FIG. 8. At this time, the date and
time of receiving the state information by the transmission
management system 50 is also stored and managed for each of
the relaying apparatus IDs. When the state information is not
transmitted from one of the relaying apparatus 30, the field for
the operating state and the field for the date and time of
receiving the state information in the corresponding record of
the relaying apparatus management table shown in FIG. 8
become blank, or the field for the operating state and the field
for the date and time of receiving the state information indi-
cate the operating state for the last time and the data and time
of receiving the state information for the last time, respec-
tively.

Next, there will be explained the process in the preparatory
step prior to starting the communications between the trans-
mission terminal device 10aa and the transmission terminal
device 10db by referring to FIG. 17. When an operator turns
on the power switch 109 shown in FIG. 3, the operation input
receiving unit 12 shown in FIG. 5B receives the input for
turning on the power supply, and thereby the operating input
receiving unit 12 turns on the power supply (step S21). Trig-
gered by receiving the input for turning on the power supply,
the log-in requesting unit 13 automatically transmits log-in
request information indicating a request for logging in from
the transmitting and receiving unit 11 to the transmission
management system 50 through the communication network
2 (step S22). The log-in request information includes the
terminal device ID for identifying the transmission terminal
device 10aa itself as a source of the request and the password.
The terminal device ID and the password are data that has
been read out from the storing unit 1000 by the storing and
reading unit 10 and that has been transmitted to the transmit-
ting and receiving unit 11. Here, when the log-in request
information is transmitted from the transmission terminal
device 10aaq to the transmission management system 50, the
transmission management system 50 which receives the log-
in request information can recognize the IP address of the
transmission terminal device 10ab which has transmitted the
log-in request information.

Subsequently, the terminal device authentication unit 52 of
the transmission management system 50 searches the termi-
nal device authentication table (cf. FIG. 9) for the terminal
device ID and the password by using the terminal device ID
and the password included in the log-in request information
received through the transmitting and receiving unit 51 as a
search key. The terminal device authentication unit 52 per-
forms the terminal authentication by determining whether the
terminal device ID and the password that are the same as the
terminal device ID and the password included in the log-in
request information are managed by the terminal device
authentication management DB 5002 (step S23). When the
terminal device authentication unit 52 determines that the
terminal device ID and the password that are the same as the
terminal device ID and the password included in the log-in
request information are managed by the terminal device
authentication management DB 5002, and thereby the termi-
nal device authentication unit 52 determines that the log-in
request is from the transmission terminal device 10 having a
valid usage right, the state management unit 53 associates the
terminal device ID of the transmission terminal device 10aa
with the operating state, the data and time of receiving the
log-in request information, and the IP address of the trans-
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mission terminal device 10aa, and stores the terminal device
ID of the transmission terminal device 10aa, the operating
state, the data and time of receiving the log-in request infor-
mation, and the IP address of the transmission terminal device
10aa into the terminal device management table (cf. FIG. 10)
(step S24). In this manner, in the terminal management table
shown in FIG. 10, the terminal device ID of “0Olaa” is asso-
ciated with the operating state of “the online state,” the receiv-
ing date and time of “2009. 11. 10. 13:40,” and the terminal
device IP address of “1. 2. 1. 3,” and thereby the terminal
management table manages the terminal 1D, the operating
state, the receiving date and time, and the terminal device IP
address.

The transmitting and receiving unit 51 of the transmission
management system 50 transmits authentication result infor-
mation indicating the result of the authentication that has
been obtained by the terminal device authentication unit 52 to
the requesting terminal device 10aa that has requested to log
in through the communication network 2 (step S25). In the
explanation of the embodiment, the explanation of the case
will be continued below where the terminal device authenti-
cation unit 52 has determined that the transmission terminal
device 10aa has been determined to be a terminal device
having the valid usage right.

The terminal extracting unit 54 of the transmission man-
agement system 50 searches the destination list management
table (cf. FIG. 11) for the terminal device IDs of the candi-
dates of the destination terminal device 10B by using the
terminal ID “Olaa” of the requesting terminal device 10aa
that has requested to log in as a search key. The terminal
extracting unit 54 extracts the terminal device IDs of the
candidates of the destination terminal device 10B that can
communicate with the requesting terminal device 10aa by
reading out the terminal IDs of the candidates (step S26).
Here, there will be extracted the terminal device IDs “0Olab,”
“01ba,” and “01db” of the destination terminal devices 10ab,
10ba, and 10db corresponding to the terminal device 1D
“Olaa” of the requesting terminal device 10aa.

Subsequently, the terminal state acquisition unit 55
searches the terminal device management table (cf. FIG. 10)
for the operating states of the transmission terminal devices
10ab, 10ba, and 10db by using the terminal device 1Ds
“0lab,” “Olba,” and “01db” of the candidates of the destina-
tion terminal device 10B as search keys. The terminal state
acquisition unit 55 obtains the operating states of the trans-
mission terminal devices 10ab, 10ba, and 10db by reading out
the operating state (“the offline state,” “the online state,” or
“the failure state”) for each of the terminal device IDs that
have been extracted by the terminal extracting unit 54 (step
S27).

Subsequently, the transmitting and receiving unit 51 trans-
mits destination state information including the terminal
device IDs (“0lab,” “Olba,” and*“01db”) that have been used
asthe search keys at step S27 and the operating states (“oftline
state,” “online state,” or “failure state”) of the corresponding
destination terminal devices (10ab, 10ba, and 10db) to the
requesting terminal device 10aa through the communication
network 2 (step S28). In this manner, the requesting terminal
device 10aa can recognize the current operating states (“of-
fline state,” “online state,” or “failure state”) of the corre-
sponding transmission terminal devices 10ab, 10ba, and
104b that are the candidates for the destination terminal
device 10B that can communicate with the requesting termi-
nal device 10aa.

Further, the terminal extracting unit 54 of the transmission
management system 50 searches the destination list manage-
ment table (cf. FIG. 11) for the terminal device IDs of other

10

15

20

25

30

35

40

45

50

55

60

65

30

requesting terminal devices 10A by using the terminal device
ID “Olaa” of the requesting terminal device 10aqa that has
requested to log in as a search key. The terminal extracting
unit 54 extracts the terminal device IDs of the other request-
ing terminal devices 10A that have registered the terminal
device ID “0Olaa” of the requesting terminal device 10aa as a
candidate of the destination terminal device 10B (step S29).
In the destination list management table shown in FIG. 11, the
terminal IDs of the other requesting terminal devices 10 A that
will be extracted are “Olab,” “0Olba,” and “01db.”

Subsequently, the terminal state acquisition unit 55 of the
transmission management system 50 searches the terminal
device management table (cf. FIG. 10) for the operating state
of the requesting terminal device 10aa by using the terminal
device ID “0Olaa” of the requesting terminal device 10aa that
has requested to log in as a search key, and thereby the
terminal state acquisition unit 55 obtains the operating state
of the requesting terminal device 10aq that has requested to
log in (step S30).

Then, the transmitting and receiving unit 51 transmits des-
tination state information including the terminal device 1D
“Olaa” of the requesting terminal device 10aa and the oper-
ating state of “the online state” thathave been obtained at step
S30 to the transmission terminal devices 10ba and 10db
whose operating states in the terminal device management
table (cf. FIG. 10) are “the online states,” among the trans-
mission terminal devices 10ab, 10ba, and 10db whose termi-
nal device IDs “0lab,” “Olba,” and “0l1db” have been
extracted at step S29 (steps S31-1 and S31-2). Further, when
the transmitting and receiving unit 51 transmits the destina-
tion state information to the transmission terminal devices
10ba and 10db, the transmitting and receiving unit 51 refers to
the IP addresses of the transmission terminal devices 10ba
and 104b managed in the terminal device management table
shown in FIG. 10 based on the terminal device IDs of “01ba”
and “01db.” In this manner, the terminal device ID “0Olaa” and
the operating state of “the online state” of the requesting
terminal device 10aa that has requested to log in can be
transmitted to the other destination terminal devices 10db and
10ba that can communicate with the requesting terminal
device 10aaq that has requested to log in as the destination.

Similarly, when an operator turns on the power switch 109
shown in FIG. 4 of another transmission terminal device 10,
similar to step S21 described above, the operation input
receiving unit 12 shown in FIG. 5B receives the input for
turning on the power supply, and the processes similar to
those of steps of S22-S31-1, and S31-2 are performed. There-
fore, the explanation for this case is omitted.

Next, the process of narrowing down the relaying appara-
tuses 30 will be explained by referring to FIG. 18. In the
embodiment, based on the destination state information that
has been received at step S28, the requesting terminal device
10aa can communicate with at least one of the transmission
devices 10ba and 104b whose operating states are the online
states, among the transmission terminal devices 10 as the
candidates of the destination. Therefore, hereinafter, a case
will be explained where the operator of the requesting termi-
nal device 10aa has selected to start performing communica-
tions with the destination terminal device 10d4b.

When the operator presses the operation button 108 shown
in FIG. 3 and selects the transmission terminal device 1045,
the operation input receiving unit 12 shown in FIG. 5B
receives a request for starting communication with the trans-
mission terminal device 10db (step S41). Then, the transmit-
ting and receiving unit 11 of the transmission terminal device
10aa transmits start request information that includes the
terminal device ID “Olaa” of the requesting terminal device



US 9,319,628 B2

31

10aa and the terminal device ID “01db” of the destination
terminal device 1045 and that indicates the desire to start the
communication to the transmission management system 50
(step S42). In this manner, the transmitting and receiving unit
51 of the transmission management system 50 receives the
start request information. At the same time, the transmitting
and receiving unit 51 recognizes the IP address “1.2. 1.3” of
the requesting terminal device 10aa, that is the source of the
transmission. In the terminal device management table (cf.
FIG. 10), the state management unit 53 changes the operating
state field of the record that includes the terminal device ID of
“Olaa” and the operating state field of the record that includes
the terminal device ID of “01db” to be “call in progress,”
based on the terminal device ID “Olaa” of the requesting
terminal device 10aa and the terminal device ID “01db” of the
destination terminal device 1045 included in the start request
information (step S43). In this state, the requesting terminal
device 10aa and the destination terminal device 104b have
not started the communication (call). In a state where the
requesting terminal device 10aa and the destination terminal
device 10db have started the communication, when another
transmission terminal device 10 tries to establish communi-
cation with the requesting terminal device 10aa or the desti-
nation terminal device 10db, sound or display indicating that
the line is busy is output to the other transmission terminal
device 10.

Next, there will be explained processes for executing the
session for selecting the relaying apparatus 30 that are steps
S44-S48 and steps S61-66. First, the selection session 1D
generating unit 56a generates the selection session ID that is
used for executing the session for selecting the relaying appa-
ratus 30 (step S44). Then, the session management unit 57
associates the selection session ID “se 1” with the terminal
device ID “0Olaa” of the requesting terminal device 10aa and
the terminal device ID “01db” of the destination terminal
device 10db. The session management unit 57 stores the
associated selection session ID “se 1,” the terminal device ID
“0Olaa,” and the terminal device ID “01 db” in the session
management table (cf. FIG. 12) included in the storing unit
5000, and thereby the session management unit 57 manages
the selection session ID, the terminal device ID of the request-
ing terminal device 10aq, and the terminal device ID of the
destination terminal device 10db.

Subsequently, the narrowing unit 56 of the transmission
management system 50 performs the primary narrowing pro-
cess for narrowing down the relaying apparatuses 30 that
relay the communication between the requesting terminal
device 10aa and the destination terminal device 10db, based
on the relaying apparatus management DB 5001, the terminal
device management DB 5003 and the priority management
DB 5006 (step S46).

Hereinafter, the process at step S46 will be explained in
detail by referring to FIG. 19. The terminal IP address extract-
ing unit 564 searches the terminal device management table
(cf. FIG. 10) for the IP addresses of the transmitting terminal
device 10aa and the destination terminal device 10db, based
on the terminal device ID “0Olaa” of the requesting terminal
device 10aqa and the terminal device ID “01db” of the desti-
nation terminal device 1045 included in the start request
information that has been transmitted from the requesting
terminal device 10aa. In this manner, the terminal IP address
extracting unit 565 extracts the IP address “1. 2. 1. 3” of the
transmission terminal device 10aa and the IP address “1. 3. 2.
4” of the transmission terminal device 10db (step S46-1).
Next, the primary selecting unit 56¢ selects the relaying appa-
ratus IDs 111a, 1115, and 111d of the corresponding relaying
apparatuses 30a, 305, and 304 whose operating states are the
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online states, among the relaying apparatuses 30 that are
managed by the relaying apparatus management table (cf.
FIG. 8). The primary selecting unit 56¢ examines, for each of
the dot addresses included in the IP address “1. 2. 1. 2” of the
relaying apparatus 30a that has been selected at step S46-2,
whether the dot address is the same as the corresponding dot
address ofthe IP address “1.2. 1. 3” of the requesting terminal
device 10aa and whether the dot address is the same as the
corresponding dot address of the IP address “1. 3. 2. 4” of the
destination terminal device 10db, by searching the relaying
apparatus management table (cf. FIG. 8) for the IP addresses
of'the relaying apparatus 30a, based on the IP address“1.2. 1.
3” of the requesting terminal device 10aa and the IP address
“1. 3. 2. 4” of the destination terminal device 1045 that have
been extracted at step S46-1 (step S46-3). Similarly, the pri-
mary selecting unit 56¢ examines, for each of the dot
addresses included in the IP address “1.2. 2. 2” of the relaying
apparatus 305 that has been selected at step S46-2, whether
the dot address is the same as the corresponding dot address of
the IP address “1. 2. 1. 3” of the requesting terminal device
10aa and whether the dot address is the same as the corre-
sponding dot address of the IP address “1. 3. 2. 4” of the
destination terminal device 10db, by searching the relaying
apparatus management table (cf. FIG. 8) for the IP addresses
of'the relaying apparatus 305, based on the IP address“1.2. 1.
3” of the requesting terminal device 10aa and the IP address
“1. 3. 2. 4” of the destination terminal device 1045 that have
been extracted at step S46-1 (step S46-3). Similarly, the pri-
mary selecting unit 56¢ examines, for each of the dot
addresses included in the IP address “1.3. 2. 2” of the relaying
apparatus 304 that has been selected at step S46-2, whether
the dot address is the same as the corresponding dot address of
the IP address “1. 2. 1. 3” of the requesting terminal device
10aa and whether the dot address is the same as the corre-
sponding dot address of the IP address “1. 3. 2. 4” of the
destination terminal device 10db, by searching the relaying
apparatus management table (cf. FIG. 8) for the IP addresses
of'the relaying apparatus 304, based on the IP address“1.2. 1.
3” of the requesting terminal device 10aa and the IP address
“1. 3. 2. 4” of the destination terminal device 1045 that have
been extracted at step S46-1 (step S46-3).

Subsequently, the priority determination unit 564 deter-
mines, for each of the relaying apparatuses 30a, 305, and 304
that have been examined at step S46-3, the value indicating
the priority of the IP address by referring to the address
priority management table (cf. FIG. 13). The table shown in
FIG. 20 indicates the result of the determination process.
Here, FIG. 20 is a diagram showing a state where the values
indicating the priority have been calculated, where the values
indicating the priority are used for performing the process of
narrowing down the relaying apparatuses 30. In FIG. 20, the
values indicating the priority of the IP addresses, the values
indicating the priority of the data transmission rates, and the
combined values are indicated for each of the relaying appa-
ratus IDs. Further, as the values indicating the priority of the
IP addresses, there are indicated the values indicating the
priority of the IP addresses of the corresponding relaying
apparatuses 30 with respect to the requesting terminal device
10aa and the values indicating the priority of the IP addresses
of the corresponding relaying apparatuses 30 with respect to
the destination terminal device 104b. The combined value is
a total value of the value indicating the priority of the data
transmission rate and the greater value between the value
indicating the priority of the IP address with respect to the
requesting terminal device 10aa and the value indicating the
priority of the IP address with respect to the destination ter-
minal device.
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In the embodiment, the dot addresses of the IP address 1.
2. 1. 2” of the relaying apparatus 30a are “same. same. same.
different” with respect to the dot addresses of the IP address
“1.2.1.3” of the requesting terminal device 10aa. Therefore,
as shown in FIG. 20, the value indicating the priority of the IP
address of the relaying apparatus 30a with respect to the
requesting terminal device 10aaq is 5. Further, since the dot
addresses of the IP address “1. 2. 1. 2” of the relaying appa-
ratus 30a are “same. different. different. different” with
respect to the dot addresses of the IP address “1.3. 2. 4” of the
destination terminal device 10db, the value indicating the
priority of the IP address of the relaying apparatus 30a with
respect to the destination terminal device 10454 is 1. Further,
since the dot addresses of the IP address “1. 2. 2. 2” of the
relaying apparatus 306 are “same. same. different. different”
with respect to dot addresses of the IP address “1.2. 1. 3” the
requesting terminal device 10aq, the value indicating the
priority of the IP address of the relaying apparatus 305 with
respect to the requesting terminal device 10aa is 3. Further,
since the dot addresses of the IP address “1. 2. 2. 2” of the
relaying apparatus 306 are “same. different. same. different”
with respect to the dot addresses of the IP address “1.3.2.4”
of the destination terminal device 10db, the value indicating
the priority of the IP address of the relaying apparatus 306
with respect to the destination terminal device 1046 is 1.
Further, since the dot addresses of the IP address “1.3.2.2”
of the relaying apparatus are “same. different. different. dif-
ferent” with respect to the dot addresses of the IP address “1.
2. 1. 3” of the requesting terminal device 10aa, the value
indicating the priority of the IP address of the relaying appa-
ratus 30d with respect to the requesting terminal device 10aa
is 1. Further, since the dot addresses of the IP address “1.3. 2.
2” of the relaying apparatus 30d are “same. same. same.
different” with respect to the dot addresses of the IP address
“1.3. 2. 4” of the destination terminal device 10d5b, the value
indicating the priority of the IP address of the relaying appa-
ratus 30d with respect to the destination terminal device 10db
is 5.

Referring to FIG. 19, the priority determination unit 564
searches the transmission rate priority management table (cf.
FIG. 14) for the values indicating the priority of the data
transmission rates based on the maximum data transmission
rates of the corresponding relaying apparatuses 30 that have
been managed in the relaying apparatus management table
(cf. FIG. 8). In this manner, the priority determination unit
56d determines; for each of the relaying apparatuses 30a,
304, and 304 that have been narrowed down by the primary
narrowing process of step S46-2, the value indicating the
priority of the data transmission rate (step S46-5). In the
embodiment, as shown in FIG. 8, since the maximum data
transmission rate of the relaying apparatus 30a is 100 Mbps,
the value indicating the priority of the data transmission rate
of' the relaying apparatus 30q is determined to be 3, by refer-
ring to the transmission rate priority management table shown
in FIG. 14. Similarly, since the maximum data transmission
rate of the relaying apparatus 305 is 1000 Mbps (cf. FIG. 8),
the value indicating the priority of the data transmission rate
is 5 (cf. FIG. 14). Similarly, since the maximum data trans-
mission rate of the relaying apparatus 304 is 10 Mbps (cf.
FIG. 8), the value indicating the priority of the data transmis-
sion rate is 1 (cf. FIG. 14).

Subsequently, the primary selecting unit 56¢ calculates, for
each of'the relaying apparatuses 30a, 305, and 304, the com-
bined value by adding the value indicating the priority of the
data transmission rate and the greater value between the value
indicating the priority of the IP address with respect to the
transmission terminal device 10aa and the value indicating
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the priority of the IP address with respect to the transmission
terminal device 10db. Then, the primary selecting unit 56¢
selects two relaying apparatuses 30 in the descending order of
the combined values (step S46-6). In the embodiment, as
shown in FIG. 20, the total values of the relaying apparatuses
111a, 1115, and 111d are 8, 8, and 6, respectively. Therefore,
the relaying apparatus 30a corresponding to the relaying
apparatus 1D of “111a” and the relaying apparatus 305 cor-
responding to the relaying apparatus 1D of “111b” are
selected.

After completing the narrowing process of step S46, the
transmitting and receiving unit 51 shown in FIG. 5A transmits
relaying apparatus narrowing information to the destination
terminal device 10456 through the communication network 2,
s0 as to report the number of the relaying apparatuses 30 that
have been narrowed down (step S47). The relaying apparatus
narrowing information includes the number of the relaying
apparatuses 30 that have been narrowed down at step S46, 1.e.,
“2,” the terminal device ID “Olaa” of the requesting terminal
device 10aa, and the selection session ID of “sel.” In this
manner, when the session corresponding to the selection ses-
sionID of “sel” is executed, the transmission terminal device
1045 can recognize the number of the relaying apparatuses 30
and the transmission terminal device 10 that has requested to
start the video conference. At the same time, the transmission
terminal device 1045 can recognize the IP address “1. 1. 1. 2”
of'the transmission management system 50 that has transmit-
ted the relaying apparatus narrowing information.

Then, the transmission terminal device 10db transmits
acknowledgement information indicating that the reception
of the relaying apparatus narrowing information has been
completed from the transmitting and receiving unit 11 to the
transmission management system 50 through the network 2
(step S48). The acknowledgement information includes the
selection session ID of “sel.” In this manner, the transmission
management system 50 can recognize that the transmission of
the number of the relaying apparatuses 30 has been com-
pleted in the session corresponding to the selection session ID
of “sel.” At the same time, the transmission management
system 50 can recognize the IP address “1. 3. 2. 4” of the
destination terminal device 104b that has transmitted the
acknowledgement information.

Next, there will be explained the process by the requesting
terminal device 10aa of selecting the relaying apparatus 30 by
referring to FIG. 21. Prior to starting the video conference, the
transmission management system 50 transmits advance relay
request information that requests for relaying in advance to
the relaying apparatuses 30a and 305 that have been narrowed
down at step S46 (steps S61-1 and S61-2). The advance relay
request information includes the session ID of “sel,” the IP
address “1. 2. 1. 3” of the requesting terminal device 10aa,
and the IP address “1. 3. 2. 4” of the destination terminal
10db. In this manner, the relaying apparatus 30a and 305 can
recognize that the session corresponds to the selection session
ID of “sel,” the IP address of the requesting terminal device
10A, and the IP address of the destination terminal device
10B. At the same time, the relaying apparatuses 30a and 305
can recognize the IP address “1. 1. 1. 2” of the transmission
management system 50 that has transmitted the advance relay
request information.

Next, the relaying apparatuses 30a and 305 transmit
advance transmission request information from the corre-
sponding transmitting and receiving units 31 to the requesting
terminal device 10aaq that has been recognized at step S61-1.
The advance transmission request information is for causing
the requesting terminal device 10aa to transmit advance
transmission information including a packet internet groper
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(ping, described later) to the relaying apparatuses 30a and
304, prior to starting the video conference (step S62-1 and
step S62-2). The advance transmission information includes
the selection session ID of “sel.” In this manner, the request-
ing terminal device 10aa can recognize that, in the process of
selecting the relaying apparatuses 30 that has been executed
with the selection session ID of “sel,” the requesting terminal
device 10aa transmits the advance transmission information
to the relaying apparatuses 30a and 305. At the same time, the
requesting terminal device 10aa can recognize the IP
addresses “1. 2. 1. 2” and “1. 2. 2. 2” of the relaying appara-
tuses 30a and 305, which have transmitted the advance trans-
mission request information.

In the embodiment, the IP address of the destination ter-
minal device 1045 is not directly transmitted from the trans-
mission management system 50 to the requesting terminal
device 10aa. Alternatively, the IP address of the destination
terminal device 1045 is transmitted to the relaying apparatus
30a at step S61-1, and the relaying apparatus 30a causes the
requesting terminal device 10aa to transmit the advance
transmission information to the relaying apparatus 30a at step
S62-1. In this manner, it is avoided that an IP address of one
of the transmission terminal devices 10 is transmitted to
another transmission terminal device 10, thereby ensuring
security.

Subsequently, the requesting terminal device 10aa trans-
mits the advance transmission information from the transmit-
ting and receiving unit 11 to the relaying apparatuses 30a and
304 through the communication network 2 (steps S63-1 and
S63-2). Prior to the transmission of the image data and the
audio data, the advance transmission information is transmit-
ted to the destination terminal device 1045 through the relay-
ing apparatus 30a, and the advance transmission information
is also transmitted to the destination terminal device 10d4b
through the relaying apparatus 305, instead of the image data
and the audio data. The advance transmission information is
used for measuring a required time period for transmitting
data from the requesting terminal device 10aa to the destina-
tion terminal device 10db. Further, the advance transmission
information includes the ping for detecting that the requesting
terminal device 10aa, the relaying apparatuses 30a and 305,
and the destination terminal device 10db are communica-
tively connected; date and time of transmitting the advance
transmission information from the requesting terminal device
10aa; and the selection session ID of “sel.” In this manner,
the relaying apparatuses 30a and 305 can recognize that the
advance transmission information has been received during
execution of the session corresponding to the selection ses-
sion ID of “sel.” At the same time, the relaying apparatuses
30a and 305 can recognize the IP address “1. 2. 1. 3” of the
requesting terminal device 10aa that has transmitted the
advance transmission information.

Subsequently, the relaying apparatuses 30a and 305 relay
the advance transmission information to the IP address “1. 3.
2. 4” of the destination terminal device 1045 included in the
advance relay request information that has been received at
steps S61-1 and S61-2 (steps S64-1 and S64-2). In this man-
ner, the destination terminal device 10db can recognize that
the advance transmission information has been received dur-
ing execution of the session corresponding to the selection
session ID of “sel.” At the same time, the destination terminal
device 10db can recognize the IP addresses “1.2.1.2” and “1.
2. 2. 2” of the corresponding relaying apparatuses 30a and
3054 that have transmitted (relayed) the advance transmission
information.

Next, the selection processing unit 16 of the destination
terminal device 1045 selects one of the relaying apparatuses

10

15

20

25

30

35

40

45

50

55

60

65

36

30a and 3056 that finally relays the image data and audio data
during the video conference, based on the advance transmis-
sion information (step S65).

Here, the process at step S65 will be explained in detail by
referring to FIGS. 5 and 22. The measuring unit 16a of the
selection processing unit 16 shown in FIG. 5B measures date
and time of receiving the piece of advance transmission infor-
mation that has been relayed by the relaying apparatus 30a by
the transmitting and receiving unit 11 of the transmission
terminal device 10db, and the measuring unit 16a also mea-
sures data and time of receiving the piece of advance trans-
mission information that has been relayed by the relaying
apparatus 305 by the transmitting and receiving unit 11 of the
transmission terminal device 1046 (step S65-1). Subse-
quently, the calculation unit 165 calculates, for each of the
piece of advance transmission information that has been
relayed by the relaying apparatus 30a and for which the date
and time of the reception has been calculated and the piece of
advance transmission information that has been relayed by
the relaying apparatus 305 and for which the date and time of
the reception has been calculated, the required time period
between the transmission and the reception of the corre-
sponding piece of advance transmission information based on
the difference between the date and time of receiving the
corresponding piece of advance transmission information
and the date and time of transmitting the corresponding piece
of advance transmission information which is included in the
corresponding piece of advance transmission information
(step S65-2). Next, during execution of the session corre-
sponding to the selection session ID of “sel,” the selection
unit 16¢ determines whether all “2” pieces of the advance
transmission information, which correspond to the number of
the relaying apparatuses 30 that are supposed to relay the
corresponding pieces of advance transmission information,
have been received (step S65-3). When it is determined that
not all pieces of the advance transmission information have
been received (NO), the selection unit 16¢ determines
whether a predetermined time period (e.g., 1 minute) has
elapsed from the reception of the piece of advance transmis-
sion information at the transmission terminal device 10db
(step S65-4). When the predetermined time period has not
elapsed (NO), the process returns to step S65-1. On the other
hand, when it is determined, at step S65-3, that all pieces of
the advance transmission information have been received
(YES), or when the predetermined time period has elapsed
(YES) at step S65-4, the selection unit 16¢ selects one of the
relaying apparatuses 30a and 305 which has relayed the piece
of the advance transmission information for which the mini-
mum time period has elapsed between the required time peri-
ods that have been calculated by the calculation unit 1654. In
the embodiment, for example, the required time period
between the transmission and the reception of the piece of
advance transmission information that has been relayed by
the relaying apparatus 30a is smaller than the required time
period between the transmission and the reception of the
piece of advance transmission information that has been
relayed by the relaying apparatus 305, and thereby the relay-
ing apparatus 30a has been selected.

In the embodiment, the case has been explained where the
destination terminal device 10db selects the relaying appara-
tus 30a. However, the embodiment is not limited to this. For
example, the destination terminal device 1045 may transmit
information regarding required time indicating the required
time periods between the transmission and the reception of
the corresponding pieces of advance transmission informa-
tion to the requesting terminal device 10aa or to the transmis-
sion management system 50, and thereby the requesting ter-



US 9,319,628 B2

37

minal device 10aa or the transmission management system
50 may eventually select the relaying apparatus 30a.

Next, the destination terminal device 10d5b transmits selec-
tion information indicating that the relaying apparatus 30a
has been selected from the transmitting and receiving unit 11
to the transmission management system 50 through the com-
munication network 2 (step S66). The selection, information
includes the session ID of “sel” and the relaying apparatus ID
“111a” of the selected relaying apparatus 30a. In this manner,
the transmission management system 50 can recognize that
the relaying apparatus 30a has been selected during execution
of the session corresponding to the selection session 1D of
“sel.” At the same time, the transmission management sys-
tem 50 can recognize the IP address “1. 3. 2. 4” of the trans-
mission terminal device 1045 that has transmitted the selec-
tion information.

Next, the session management unit 57 of the transmission
management system 50 stores the relaying apparatus 1D
“111a” of the selected relaying apparatus 30a in the relaying
apparatus ID field of the record that includes the selection
session ID of “sel” in the session management table (cf. FIG.
12) included in the session management DB 5005, and
thereby the session management unit 57 manages the relaying
apparatus ID “111a” of the relaying apparatus 30a (step S67-
1). The transmitting and receiving unit 51 transmits the relay-
ing apparatus ID of “111a” and the IP address “1. 3. 2. 4” of
the destination terminal device 1045 to the requesting termi-
nal device 10aa (step S67-21). The transmitting and receiving
unit 51 of the transmission management system 50 transmits
relay start request information indicating a request for start-
ing relaying to the relaying apparatus 30qa through the com-
munication network 2 (step S68). The relay start request
information includes the IP address “1. 2. 1. 3” of the request-
ing terminal device 10aa and the IP address “1.3. 2. 4” of the
destination terminal device 10db. In this manner, the relaying
device 304 establishes a session for communicating low reso-
Iution image data, middle resolution image data, and high
resolution image data, and audio data between the transmis-
sion terminal devices 10aa and 1045 (step S69). With this, the
transmission terminal devices 10aa and 1045 can start a video
conference.

In accordance with the transmission of the relaying appa-
ratus narrowing information from transmission management
system 50 to the destination terminal device 1045 at step S47,
the process of selecting the relaying apparatus 30 (step S65)
has been performed by the destination terminal device 10db
through steps S48-S64-1, and S64-2. However, the embodi-
ment is not limited to this. At step S47, the transmission
management system 50 may transmit the relaying apparatus
narrowing information to the requesting terminal device
10aa. Subsequently, until steps S64-1 and S64-2, a source and
a receiver of each information piece can be exchanged
between the requesting terminal device 10aa and the desti-
nation terminal device 10d4b. In this manner, alternatively to
step S65, the requesting terminal device 10aa may perform
the process of selecting the relaying apparatus 30. Further,
alternatively to step S66, the requesting terminal device 10aa
may transmit the selection information.

Next, by referring to FIGS. 5 and 23, there will be
explained a process of transmitting and receiving image data
and audio data between the requesting terminal device 10aa
and the destination terminal device 10d4b, so as to perform a
video conference. First, the requesting terminal device 10aa
transmits image data of an object that has been photographed
by the photographing unit 14a and audio data of sound that
has been input to the audio input unit 15a from the transmit-
ting and receiving unit 11 to the relaying apparatus 30a
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through the communication network 2 (step S81). In the
embodiment, high quality image data (shown in FIG. 6)
including the low resolution image data, the middle resolu-
tion image data, and the high resolution image data and the
audio data are transmitted. The transmitting and receiving
unit 31 of the relaying apparatus 30a receives the image data
including the low resolution image data, the middle resolu-
tion image data, and the high resolution image data, and the
audio data. Then, the data quality confirming unit 33 searches
the change quality management table (cf. FIG. 7) for the
image quality of the image data to be relayed by using the IP
address “1. 3. 2. 4” of the destination terminal device 1045 as
a search key, and thereby the data quality confirming unit 33
extracts and confirms the image quality of the image data to
be relayed (step S82). In the embodiment, the image quality
of'the image data included in the confirmed image data is the
high image quality. Since the image quality of the image data
included in the confirmed image data is the same as the image
quality of the image data that has been received by the trans-
mitting and the receiving unit 31, the image data and the audio
data are transmitted to the destination terminal device 1045
without the image quality of the image data and the audio
quality of the audio data being changed (step S82). In this
manner, the transmitting and receiving unit 11 of the destina-
tion terminal device 1045 can receive the image data and the
audio data, and the image display control unit 145 can display
the image based on the image data on the display 120. At the
same time, the audio output unit 156 can output the sound
based on the audio data.

Subsequently, the delay detection unit 17 of the transmis-
sion terminal device 1045 detects delay time of receiving the
image data that is received by the transmitting and receiving
unit 11 at every constant time interval (e.g., every 1 second)
(step S84). In the embodiment, a case will be explained where
the delay time is 200 ms.

The transmitting and receiving unit 11 of the destination
terminal device 10db transmits the delay information indicat-
ing the delay time of “200 ms” to the transmission manage-
ment system 50 through the communication network 2 (step
S85). In this manner, the transmission management system 50
can recognize the delay time. At the same time, the transmis-
sion management system 50 can recognize the IP address “1.
3.2. 4” of the transmission terminal device 10db.

Subsequently, the delay time management unit 60 of the
transmission management system 50 searches the terminal
device management table (cf. FIG. 10) for the terminal device
ID by using the IP address “1. 3. 2. 4” of the destination
terminal device 10db as a search key, and the delay time
management unit 60 extracts the corresponding terminal
device ID of “01db.” Further, the delay time management unit
60 stores the delay time of “200 ms” indicated in the delay
information in the delay time field of the record that corre-
sponds to the terminal device ID of “01db” in the session
management table (cf. FIG. 12) included in the session man-
agement DB 5005 (step S86).

Subsequently, the quality determination unit 58 searches
the quality management table (cf. FIG. 15) for the image
quality by using the delay time of “200 ms” as a search key,
and thereby the quality determination unit 58 extracts the
“middle image quality” that is the quality of the correspond-
ing image data. In this manner, the quality determination unit
58 determines the image quality of the corresponding image
data to be the “middle image quality” (step S87).

Subsequently, the transmitting and receiving unit 51
searches the relaying apparatus management table (cf. FIG.
8) for the IP address of the relaying apparatus 30a by using the
relaying apparatus ID of “111a” that is associated with the
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terminal device ID of“01db” in the session management table
(cf. FIG. 12), and thereby the transmitting and receiving unit
51 extracts the IP address “1. 2. 1. 2” of the corresponding
relaying apparatus 30a (step S88). Then, the transmitting and
receiving unit 51 transmits the quality information indicating
the “middle image quality” which is the image quality of the
image data that has been determined at step S87 to the relay-
ing apparatus 30a through the communication network 2
(step S89). The quality information includes the IP address
“1. 3. 2. 4” of the destination terminal device 1045 that has
been used as the search key in step S86. In this manner, the
change quality management unit 34 of the relaying apparatus
30a associates the IP address “1. 3. 2. 4” of the transmission
terminal device 10 being the destination (here, the destination
terminal device 10db) with the “middle image quality” which
is the image quality of the image data to be relayed. The
change quality management unit 34 stores and manages the
1P address “1. 3. 2. 4” of the transmission terminal device 10
and the image quality of the image data to be relayed in the
change quality management table (cf. FIG. 7) (step S90).

Similar to step S81, the transmission terminal device 10aa
continues to transmit the high quality image data including
the low quality image data, the middle quality image data, and
the high quality image data, and the audio data to the relaying
apparatus 30a (step S91). Similar to step S82, the data quality
confirming unit 33 of the relaying apparatus 30a searches the
change quality management table (cf. FIG. 7) for the image
quality of the image data to be relayed by using the IP address
“1.3.2.4” of the destination terminal device 104b as a search
key, and thereby the data quality confirming unit 33 extracts
the “middle image quality” which is the image quality of the
corresponding image data to be relayed. In this manner, the
data quality confirming unit 33 confirms the quality of the
image data included in the image data to be relayed (step
S92). In the embodiment, the image quality of the confirmed
image data is the “middle image quality,” which is lower than
the image quality of the image data (high image quality) that
has been received by the transmitting and receiving unit 31.
Therefore, the data quality changing unit 35 reduces the
image quality of the image data from the “high image quality”
to the “middle image quality,” thereby the data quality chang-
ing unit 35 changes the quality of the image data included in
the image data (step S93). Subsequently, the transmitting and
receiving unit 31 transmits the image data whose image qual-
ity has been changed to the “middle image quality” and the
audio data whose audio quality has not been changed to the
transmission terminal device 104b through the communica-
tion network 2 (step S94). In this manner, when the delay
occurs in receiving the image data with the destination termi-
nal device 10d4b, the relaying apparatus 30a changes the qual-
ity of the image data. Therefore, it is possible to avoid giving
an uncomfortable feeling to participants of the video confer-
ence.

Next, there will be explained the process of sharing the
whole screen indicating the document data stored in the stor-
ing unit 4000 ofthe external input apparatus 40 by referring to
FIG. 25. Here, the process of sharing the whole screen will be
executed after the determination of the relaying apparatus 30.
Hereinafter, there will be explained an example case where
the transmission terminal device 10db as a destination termi-
nal device is caused to display the information that has been
displayed by the external input apparatus 40aa, which is
connected to the transmission terminal device 10aa.

As described above, after the determination of the relaying
apparatus 30, the transmitting and receiving unit 11 of the
transmission terminal device 10aa receives the relaying appa-
ratus ID of “111a,” which has been transmitted by the trans-
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mission management system 50 at step S67-21, and the IP
address “1. 3. 2. 4” of the destination terminal device 10db.
The storing and reading unit 10 causes the storing unit 1000 to
store the received relaying apparatus ID “111a” and the IP
address “1. 3. 2. 4” (step S67-22).

When the external input apparatus 40aa and the transmis-
sion terminal device 10aa are mutually connected, the con-
nection detection unit 42 of the external input apparatus 40aa
detects the connection (step S70). When the connection
detection unit 42 detects that the external input apparatus
40aa and the transmission terminal device 10aa have mutu-
ally been connected, the install determination unit 43 deter-
mines whether the display data transmitting unit 452 has
already been installed (step S71), as shown in FIG. 28. When
the install determination unit 43 determines that the display
data transmitting unit 452 has not been installed, the program
acquisition unit 44 obtains the display data transmitting unit
452 stored in the transmission terminal device 10aa and
installs the display data transmitting unit 452 (step S72).
When the display data transmitting unit 452 has been
installed at step S72, the external input apparatus 40aa
requests the transmission terminal device 10aa for permis-
sion for the display data acquisition unit 451 to execute the
process (step S73). When the transmission terminal device
10aa allows the external input apparatus 40aa to execute the
process of the display data acquisition unit 451, the display
data acquisition unit 451 obtains the display data (step S74).
Subsequently, the display data transmitting unit 452 transmits
the display data obtained by the display data acquisition unit
451 to the transmission terminal device 10aa (step S75).

When it is determined, at step S71, that the display data
transmitting unit 452 has been installed, the process proceeds
to steps S73 and the following.

When the external information transmitting and receiving
unit 18 of the transmission terminal device 10aa receives the
display data, the storing and reading unit 19 obtains the relay-
ing apparatus ID of “111a” and the IP address “1.3. 2. 4” of
the transmission terminal device 10db (which is to be the
destination) that have been stored in the storing unit 1000
(step S77). Then, the transmitting and receiving unit 11 trans-
mits the display data and the IP address “1. 3. 2. 4” of the
transmission terminal device 10db (which is to be the desti-
nation) to the relaying apparatus 30 indicated by the relaying
apparatus ID of “111a” which has been obtained at step S77
(step S78). After receiving the display data that has been
transmitted from the transmission terminal device 10aa at
step S78, the relaying apparatus 30 changes the quality of the
display data based on the IP address “1. 3. 2. 4” of the
transmission terminal device 1045 (step S79), and the relay-
ing apparatus 30 transmits the display data to the transmission
terminal device 104b (step S80). Since the details of the
process of step S77 are the same as the process of changing
the quality of the audio data and image data (steps S81-S94),
the explanation of the details of the process of step S77 is
omitted. When the transmitting and receiving unit 11 of the
transmission terminal device 104b receives the display data
that has been transmitted from the relaying apparatus 30, the
image display control unit 145 displays the display data. In
the example shown in FIG. 27, the image that has been dis-
played by the external input apparatus 40aa is displayed at the
left portion of the screen based on the display data, and the
image data that has been photographed by the photographing
unit 145 of the transmission terminal device 10aa and that has
been transmitted by the transmitting and receiving unit 11 is
displayed at the upper right portion of the screen. Further, the
image data that has been photographed by the photographing
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unit 145 of the transmission terminal device 10db is displayed
at the lower right portion of the screen.

(Processing and Operations of Display Control)

FIG. 31 is a flowchart showing an example of processing of
resolution control by the image display controlunit 145 of the
transmission terminal device 10. Hereinafter, there will be
explained the processing after the power supply of the trans-
mission terminal device 10 has been turned on and the data
(the basic data fields) that is used for the display control has
been transmitted from the display 120 to the storing unit 1000
of the transmission terminal device 10.

In FIG. 31, the resolution retrieval unit 14510 of the image
display control unit 145 accesses the basic data fields of the
storing unit 1000, and obtains the recommended resolution
(step S101).

Subsequently, the resolution determination unit 145611
determines whether the retrieved recommended resolution is
predetermined resolution (e.g., 1920x1080, 1280x720) that
is greater than or equal to the priority resolution (e.g. 1280x
720) in the reference aspect ratio (e.g. 16:9) (step S102).

When the resolution determination unit 14511 determines
that the retrieved recommended resolution is the predeter-
mined resolution that is greater than or equal to the priority
resolution in the reference aspect ratio (step S102: YES), the
resolution selecting unit 14512 selects the priority resolution
(e.g., 1280x720), and the resolution changing unit 14515
changes the resolution of the transmission terminal device 10
to be the resolution which has been selected by the resolution
selecting unit 14512 (step S103).

When the resolution determination unit 14511 determines
that the retrieved recommended resolution is not the prede-
termined resolution that is greater than or equal to the priority
resolution in the reference aspect ratio (step S102: NO), the
resolution selecting unit 14512 selects the standard resolution
(e.g., 1024x768), and the resolution changing unit 14515
changes the resolution of the transmission terminal device 10
to be the resolution which has been selected by the resolution
selecting unit 14512 (step S104).

When the recommended resolution in a predetermined
aspect ratio is high, the display 120 may adopt a resolution
other than the recommended resolution which is lower than
the recommended resolution in the predetermined aspect
ratio. Therefore, it is possible to estimate displayable resolu-
tions from the recommended resolution, and an image can be
displayed with the resolution which is suitable for the display
120. Further, since the resolution can be set to be a lower
resolution, even if the recommended resolution is a high
resolution that is not supported by the transmission terminal
device 10, an image can be displayed.

FIG. 32 is a flowchart showing another example of pro-
cessing of resolution control by the image display control unit
145 of the transmission terminal device 10. In the process
shown in FIG. 31, for a wide display 120 for which whether it
supports the standard resolution (e.g., 1024x768) is
unknown, the resolution is always set to be the standard
resolution (e.g., 1024x768). Accordingly, it is possible that
the resolution supported by the display 120 is not effectively
utilized. Therefore, in FIG. 32, the process has been enhanced
by adding the determination as to whether an aspect ratio of
the recommended resolution is a standard aspect ratio (e.g.,
4:3) and the determination as to whether the recommended
resolution is a wide resolution other than a resolution in the
standard aspect ratio (e.g., 1280x800, 1280x768, or 1366x
768).

In FIG. 32, the resolution retrieval unit 14510 accesses the
basic data fields of the storing unit 1000 and obtains the
recommended resolution (step S201).
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Subsequently, the resolution determination unit 145611
determines whether the aspect ratio of the recommended
resolution is the standard aspect ratio (e.g., 4:3) (step S202).

When the resolution determination unit 14511 determines
that the aspect ratio of the recommended resolution is the
standard aspect ratio (step S202: YES), the resolution select-
ing unit 14512 selects the standard resolution (e.g., 1024x
768), and the resolution changing unit 14515 changes the
resolution of the transmission terminal device 10 to be the
resolution that has been selected by the resolution selecting
unit 14512 (step S203).

When the resolution determination unit 14511 determines
that the aspect ratio of the recommended resolution is not the
standard aspect ratio (step S202: NO), the resolution deter-
mination unit 14511 determines whether the recommended
resolution is the wide resolution other than resolution in the
standard aspect ratio (e.g., 1280x800, 1280x768, or 1366x
768)(step S204).

When the resolution determination unit 14511 determines
that the recommended resolution is the wide resolution (step
S204: YES), the resolution selecting unit 14512 selects the
wide resolution, and the resolution changing unit 14515
changes the resolution of the transmission terminal device 10
to be the resolution that has been selected by the resolution
selecting unit 14512 (step S205).

When the resolution determination unit 14511 determines
that the recommended resolution is not the wide resolution
(step S204: NO), the resolution determination unit 14511
determines whether the recommended resolution is predeter-
mined resolution (e.g., 1920x1080 or 1280x720) that is
greater than or equal to the priority resolution (e.g., 1280x
720) in the reference aspect ratio (e.g., 16:9) (step S206).

When the resolution determination unit 14511 determines
that the recommended resolution is the predetermined reso-
Iution that is greater than or equal to the priority resolution in
the reference aspect ratio (step S206: YES), the resolution
selecting unit 14512 selects the priority resolution (e.g.,
1280x720), and the resolution changing unit 145615 changes
the resolution of the transmission terminal device 10 to be the
resolution that has been selected by the resolution selecting
unit 14512 (step S207).

When the resolution determination unit 14511 determines
that the recommended resolution is not the predetermined
resolution that is greater than or equal to the priority resolu-
tion in the reference aspect ratio (step S206: NO), the reso-
Iution selecting unit 14512 selects the standard resolution
(e.g., 1024x768), and the resolution changing unit 14515
changes the resolution of the transmission terminal device 10
to be the resolution that has been selected by the resolution
selecting unit 14512 (step S208).

With this processing, an image can be displayed on the
wide display 120 for which whether it supports the standard
resolution (e.g., 1024x768) is unknown, while an aspect ratio
of'the image is adjusted in accordance with the aspect ratio of
the wide display. Further, when the aspect ratio of the recom-
mended resolution is the standard aspect ration (e.g., 4:3), the
standard resolution (e.g., 1024x768) is designated. Recently,
there are many displays which support a zoom mode. By
using the zoom mode, an image can be enlarged and displayed
on a display that supports such high resolution as 1600x1200,
while preserving the aspect ratio of 1024x768. Therefore, an
image can be displayed on a large screen, while the size of the
image is adjusted in accordance with the size of the large
screen. In this case, it is not necessary to prepare a large
display memory in accordance with the resolution of the
display. Therefore, such a system is advantageous in the cost.
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In FIG. 32, the determination as to whether the aspect ratio
of the recommended resolution is the standard aspect ratio
(step S202) is used together with the determination as to
whether the recommended resolution is the wide resolution
other than resolution in the standard aspect ratio (step S204).
However, only one of the above-described two types of deter-
mination may be used.

Further, FIGS. 33 and 34 show another example of the
processing. The processing shown in FIGS. 33 and 34 is such
that a resolution management table has been introduced to the
example of the processing shown in FIGS. 31 and 32. The
processing shown in FIGS. 33 and 34 enables fine setting
(customizing) of the priority on the resolution and to perform
display control in accordance with a design principle or con-
venience of a delivery destination.

FIG. 33 shows an example of the resolution management
table. The resolution management table includes items of
“item name” and “resolution.” The “item name” is a symbol
that identifies data corresponding to one line (line data). The
“resolution” is resolution defined by the line data. The “reso-
Iution” includes a width value and a height value. The width
value indicates the number of pixels in the width direction,
and the height value indicates the number of pixels in the
height direction.

FIG. 34 is a flowchart showing the example of the process-
ing of the resolution control by the image display control unit
145 of the transmission terminal device 10.

Referring to FIG. 34, the resolution retrieval unit 145610 of
the image display control unit 145 accesses the basic data
fields of the storing unit 1000 and obtains displayable reso-
Iution (step S301).

Subsequently, the resolution management table reading
unit 14516 reads the line data corresponding to one line in the
resolution management table (step S302), and determines
whether the resolution management table includes a line to be
read (step S303).

When the resolution management table reading unit 14516
determines that the resolution management table includes the
line to be read (step S303: YES), the resolution retrieval unit
14510 obtains the values of the resolution (the width value
and the height value) from the line data that has been read by
the resolution management table reading unit (step S304).

Subsequently, the resolution determination unit 145611
determines whether the resolution obtained from the resolu-
tion management table is included in the displayable resolu-
tion (step S305).

When the resolution determination unit 14511 determines
that the resolution is not included in the displayable resolu-
tion (step S305: NO), the process returns to the process of
reading the next line data in the resolution management table
(step S302).

When the resolution determination unit 14511 determines
that the resolution is included in the displayable resolution
(step S305: YES), the resolution selecting unit 14512 selects
the resolution that has been obtained from the resolution
management table, and the resolution changing unit 14512
changes the resolution of the transmission terminal device 10
to the resolution that has been selected by the resolution
selecting unit 14512 (step S306).

When the resolution management table reading unit 14516
determines that the resolution management table does not
include the line to be read (step S303: NO), the process
proceeds to a process where the resolution management table
is not utilized, namely, the process similar to that of FIG. 31
or FIG. 32 is performed.
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By introducing such processing, the fine setting of the
resolution may be made in accordance with the design prin-
ciple or the convenience of the delivery destination.

The examples shown in FIGS. 31, 32, and 33 are examples
of the process after the power supply of the transmission
terminal device 10 has been turned on. However, the embodi-
ment is not limited to this. For example, it may be monitored
whether the transmission terminal device 10 is reconnected to
another display 120, and a process similar to those of FIGS.
31, 32, and 34 may be performed when the transmission
terminal device 10 is reconnected to the other display 120.
This monitoring may be realized by introducing an event
(message loop) mechanism, which is well-known in the pro-
gram (operating system) of Windows. With such event
mechanism, when the display 120 is switched to the other
display 120, while the power supply of the transmission ter-
minal device 10 is turned on, the image is displayed on the
other display 120 with the resolution which is suitable for the
other display 120.

<<Major Effects of the Embodiment>>

As explained above, according to the embodiment, by stor-
ing the relaying apparatus ID of the relaying apparatus 30 that
relays the audio data and the image data in the storing unit
1000 of the transmission terminal device 10aaq, the display
data ofthe document data stored in the storing unit 4000 of the
external input apparatus 40 which is not managed by the
transmission management system 50 can be transmitted to the
transmission terminal device 104b which is to be the counter
party of the conference. Since it is not necessary for the
transmission management system 50 to authenticate the
external input apparatus 40, a management load may be
reduced.

Further, when the screen displayed by the external input
apparatus 40, which does not include the display data acqui-
sition unit 451 and the display data transmitting unit 452, is to
be shared, the display data acquisition unit 451 and the dis-
play data transmitting unit 452 are installed on the external
input apparatus 40, triggered by the establishment of the
connection between the transmission terminal device 10 and
the external input apparatus 40. Therefore, the screen can be
shared.

In the communication network 2, even if it is possible to
obtain information regarding the environments of the LANs
2a-2d such as the IP addresses of the relaying apparatus 30, it
is difficult to obtain information regarding the environment of
the Internet 2i. Therefore, first, two relaying apparatuses 30
are selected among the plural relaying apparatuses 30 that
relay the image data and the audio data, based on the available
information regarding the environments. Then, prior to actu-
ally transmitting and receiving the image data and the audio
data among the plural transmission terminal devices 10, the
advance transmission information is transmitted and
received, instead of the image data and the audio data. In this
manner, it is possible to select one of the relaying apparatuses
30 that can relay the advance transmission information most
quickly.

Namely, by selecting the relaying apparatuses 30 to which
top two or more IP addresses close to one of the IP addresses
of the transmission terminal devices 10 have been assigned,
two or more candidates for the relaying apparatus 30, which
is to be eventually utilized, can be reserved. Thus, it is pos-
sible to select, among the two or more candidates for the
relaying apparatus 30, the relaying apparatus 30 that has
relayed the advance transmission information for which the
required time period between the transmission and the recep-
tion is the smallest, by actually transmitting and receiving the
advance transmission information between the requesting
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terminal device 10A and the destination terminal device 10B
through each ofthe relaying apparatuses 30 as the candidates.
Therefore, the highest quality image data or audio data under
the current environment of the communication network 2 can
be transmitted and received.

Further, in the embodiment, for narrowing down the relay-
ing apparatuses 30, two or more relaying apparatuses 30 are
selected by considering the maximum data transmission rates
of the relaying apparatuses 30, in addition to preferentially
selecting the relaying apparatuses 30 having the correspond-
ing IP addresses which are close to the IP addresses of the
transmission terminal devices 10 which perform the video
conference. In this manner, it is possible to narrow down the
candidates of the relaying apparatus 30 which are suitable for
the actual environment of the communication network 2.

Further, in the embodiment, for narrowing down the relay-
ing apparatuses 30, the relaying apparatuses 30 whose oper-
ating states are the online states are selected, and the selected
relaying apparatuses 30 are narrowed down. Therefore, it is
possible to narrow down the candidates of the relaying appa-
ratus 30 which are more suitable for the actual environment of
the communication network.

Further, in the embodiment, even if the transmission ter-
minal device 10 can obtain only a portion of the EDID infor-
mation of the display 120 which is connected to the transmis-
sion terminal device 10, the transmission terminal device 10
can display an image at suitable resolution corresponding to
the display 120.

<<Supplement of the Embodiment>>

A mirror driver may be utilized for the process of obtaining
the display data. The mirror driver can directly transmit the
generated display data to a USB driver, without passing the
display data through the program. In this case, the mirror
driver generates the display data, and the USB driver trans-
mits the generated display data to the transmission terminal
device 10 through the external device connecting I/F 118.
Since it is not necessary for the program to obtain the display
data, resources for executing the program can be reduced.

In the above embodiment, an example has been described
where the program obtains the image data generated by the
display driver, and the program transmits the image data to the
transmission terminal device 10. However, the program may
obtain drawing commands generated by GDI, and the pro-
gram may transmit the drawing commands. Since an amount
of'data included in the drawing commands is smaller than the
amount of the image data, it is possible to reduce the load on
the network. Further, the display data acquisition unit 451
may only obtain display data that has been displayed on a
predetermined screen among plural screens on a virtual dis-
play, and the display data transmitting unit 452 may transmit
the display data. Since the image data displayed on a screen
other than the predetermined screen is not shared with the
counter party of the conference, it is possible to prevent
showing a highly confidential document, for example, and
thereby the security can be improved.

Further, the transmission management system 50, the pro-
gram providing system 90, and the maintenance system 100
in the embodiment may be realized by a single computer.
Alternatively, portions (functions and/or steps) of the trans-
mission management system 50, the program providing sys-
tem 90, and the maintenance system 100 may be divided, and
the transmission management system 50, the program pro-
viding system 90, and the maintenance system 100 may be
realized by plural computers to which the divided portions are
arbitrary assigned. Further, when the program providing sys-
tem 90 is realized by a single computer, a program that is
transmitted by the program providing system 90 may be
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divided into plural modules and transmitted. Alternatively,
the program providing system 90 may transmit the program
without dividing it. Further, when the program providing
system 90 is realized by plural computers, the divided plural
modules may be transmitted from the corresponding comput-
ers.

Further, a recording medium, a non-transitory computer
readable recording medium, and the HD 204 storing the trans-
mission terminal program, the relaying apparatus program,
and/or the transmission management program, and the pro-
gram providing system including the HD 204 may be utilized
as program products, when the transmission terminal pro-
gram, the relaying apparatus program, and/or the transmis-
sion management program are distributed, for example, to
domestic users and/or users in other countries.

In the embodiment, the resolution of the image included in
the image data is managed as an example of the quality of the
image included in the image data to be relayed by the relaying
apparatus 30 by the change quality management table shown
in FIG. 7 and the quality management table shown in FIG. 15.
However, the embodiment is not limited to this. As another
example of the quality, depth of an image included in image
data, a sampling frequency of sound included in audio data,
and/or bit length of sound included in audio data may be
focused on and managed.

Further, in FIGS. 8, 10, and 12, the reception data and time
are managed. However, the embodiment is not limited to this.
For example, among the date and time of the reception, only
the reception time may be managed.

Further, in the above embodiment, the IP addresses of the
relaying apparatuses 30 are managed by the relaying appara-
tus management table shown in FIG. 8, and the IP addresses
of the transmission terminal devices are managed by the
terminal management table shown in FIG. 10. However, the
embodiment is not limited to this. For example, as relaying
apparatus identifying information for identifying the relaying
apparatus 30 on the communication network 2 and as trans-
mission terminal device identifying information for identify-
ing the transmission terminal device 10 on the communica-
tion network 2, a fully qualified domain name (FQDN) of the
relaying apparatus 30 and a fully qualified domain name
(FQDN) of the transmission terminal device 10 may be man-
aged. In this case, the IP addresses corresponding to the
FQDNs are obtained by the well-known domain name system
(DNS) server. Here, “the relaying apparatus identifying infor-
mation for identifying the relaying apparatus 30 on the com-
munication network 2” may be expressed as “the relaying
apparatus connection destination information indicating a
destination for establishing a connection to the relaying appa-
ratus 30 on the communication network 2,” or “the relaying
apparatus destination information indicating a destination to
the relaying apparatus 30 on the communication network 2.
Similarly, “the transmission terminal device identifying
information for identifying the transmission terminal device
10 on the communication network 2” may be expressed as
“the transmission terminal device connection destination
information indicating a destination for establishing a con-
nection to the transmission terminal device 10 on the com-
munication network 2” or “the transmission terminal device
destination information indicating a destination to the trans-
mission terminal device 10 on the communication network
27

Inthe above embodiment, the video conference system has
been explained as an example of the transmission system 1.
However, the embodiment is not limited to this. The trans-
mission system 1 may be an Internet Protocol (IP) telephone
system or a telephone system for Internet telephones. Further,
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the transmission system 1 may be a car navigation system. In
this case, for example, one of the transmission terminal
devices 10 may correspond to a car navigation device
installed in a car, and the other transmission terminal device
10 may correspond to a management terminal or a manage-
ment server of a management center that manages the car
navigation system, or a car navigation terminal installed in
another car.

Further, in the process of obtaining the display data, instead
of'the whole screen, only a portion that is displayed in an area
(window) included in the screen may be obtained, as
explained below. FIG. 26 shows an example of a screen
displayed by the external input apparatus 40aa. In this
example, an area (window) (a) and an area (b) have been
displayed on the screen. In the screen, an area to be shared
with the transmission terminal device 10db is pointed by
operating a pointer shown by (¢) in FIG. 27 through operating
the mouse 212. At this time, display data corresponding to the
pointed area (a) is obtained by the display data acquisition
unit 451.

Further, the display data acquisition unit 451 and the dis-
play data transmitting unit 452, which have been stored in the
storing unit 1000 of the transmission terminal device 10 and
which are to be utilized by the external input apparatus 40,
may be included in the external input apparatus 40 in advance.
In this manner, the process of transmitting and receiving the
display data acquisition unit 451 and the display data trans-
mitting unit 452 can be omitted, and thereby the processing
loads on the transmission terminal device 10 and on the
external input apparatus 40 can be reduced.

Further, the case has been explained where the external
input apparatus 40 causes the display device 400 to display
data. Here, the display device 400 may be a device that is
separated from the external input apparatus 40, or the display
device 400 may be included in the external input apparatus
40.

Further, in the process at step S71, the install determination
unit 43 may determine whether the display data acquisition
unit 451 and the display data transmitting unit 452 have
already been installed. In this case, when the install determi-
nation unit 43 determines that the display data transmitting
unit 452 has not been installed at step S71, the program
acquisition unit 44 obtains the display data acquisition unit
451 and the display data transmitting unit 452 stored in the
transmission terminal device 10aa, and the program acquisi-
tion unit 44 installs the display data acquisition unit 451 and
the display data transmitting unit 452 (step S73).

Further, the process performed by the install determination
unit 43 may be omitted by including the display data acqui-
sition unit 451 in the external input apparatus 40aa in
advance. The display data transmitting unit 452 may be omit-
ted by writing the display data that has been obtained by the
display data acquisition unit 451 in the storing unit 1000,
which has been available and which is included in the trans-
mission terminal device 10aa.

Hereinabove, the electronic device and the program for
controlling the electronic device have been explained by the
embodiments. However, the present invention is not limited
to the above-described embodiments, and various modifica-
tions and improvements may be made within the scope of the
present invention.

The present application is based on Japanese Priority
Application No. 2011-281949 filed on Dec. 22, 2011, the
entire contents of which are hereby incorporated herein by,
reference.
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The invention claimed is:

1. An electronic device configured to be connected to a
display device, the electronic device being configured to out-
put image data to the display device, the electronic device
comprising:

circuitry configured to

retrieve a recommended resolution of the display device

from the display device;

determine whether the retrieved recommended resolution

is greater than or equal to a priority resolution of the
electronic device, the priority resolution being a refer-
ence aspect ratio of the electronic device;

select a first resolution; and

change a resolution of the display device to be the selected

first resolution,

wherein, when the circuitry determines that the retrieved

recommended resolution is greater than or equal to the
priority resolution, the circuitry selects the priority reso-
lution as the first resolution, and

wherein, when the circuitry determines that the retrieved

recommended resolution is less than the priority resolu-
tion, the circuitry selects a predetermined resolution as
the first resolution.
2. The electronic device according to claim 1,
wherein the circuitry is configured to determine whether an
aspect ratio of the recommended resolution is a prede-
termined aspect ratio of the predetermined resolution,
prior to determining whether the recommended resolu-
tion is greater than or equal to the priority resolution, and

wherein, when the circuitry determines that the aspect ratio
of the recommended resolution is the predetermined
aspectratio, the circuitry selects the predetermined reso-
lution as the first resolution.

3. The electronic device according to claim 1,

wherein the circuitry is configured to determine whether

the recommended resolution is a wide resolution, the
wide resolution being different from the reference
aspect ratio, prior to determining whether the recom-
mended resolution is greater than or equal to the priority
resolution, and

wherein, when the circuitry determines that the recom-

mended resolution is the wide resolution, the circuitry
selects the wide resolution as the first resolution.
4. The electronic device according to claim 1,
wherein the circuitry is configured to determine whether an
aspect ratio of the recommended resolution is a prede-
termined aspect ratio of the predetermined resolution,
prior to determining whether the recommended resolu-
tion is greater than or equal to the priority resolution,

wherein, when the circuitry determines that the aspect ratio
of the recommended resolution is the predetermined
aspectratio, the circuitry selects the predetermined reso-
lution as the first resolution,

wherein, when the circuitry determines that the aspect ratio

of the recommended resolution is not the predetermined
aspect ratio, the circuitry is configured to determine
whether the recommended resolution is a wide resolu-
tion, the wide resolution being different from the refer-
ence aspect ratio, and

wherein, when the circuitry determines that the recom-

mended resolution is the wide resolution, the circuitry
selects the wide resolution as the first resolution.

5. The electronic device according to claim 1,

wherein the electronic device is a transmission terminal

device configured to transmit and receive data of a
screen to be shared with a counterpart electronic device
during a video communication session, and
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wherein the electronic device is configured to output the
image data to the display device, and configured to cause
the display device to display the image data.

6. An electronic device configured to be connected to a
display device, the electronic device being configured to out-
put image data to the display device, the electronic device
comprising:

circuitry configured to

retrieve a displayable resolution, the displayable resolution

being displayable by the display device;

sequentially read one or more data lines included in a

resolution management table, wherein each of the data
lines includes a second resolution as an element;
obtain the second resolution from the read data line;
determine whether the obtained displayable resolution
includes the obtained second resolution;
change, when the circuitry determines that the displayable
resolution includes the second resolution, a resolution of
the display device to be the obtained second resolution;

retrieve a recommended resolution of the display device
when the circuitry determines that the displayable reso-
lution does not include the second resolution obtained
from each of the read data lines;

determine whether the retrieved recommended resolution

is greater than or equal to a priority resolution of the
electronic device, the priority resolution being a refer-
ence aspect ratio of the electronic device;

select a first resolution; and

change the resolution of the display device to be the

selected first resolution,

wherein, when the circuitry determines that the recom-

mended resolution is greater than or equal to the priority
resolution, circuitry selects the priority resolution as the
first resolution, and

wherein, when the circuitry determines that the recom-

mended resolution is less than the priority resolution, the
circuitry selects a predetermined resolution as the first
resolution.
7. The electronic device according to claim 6,
wherein the circuitry is configured to determine whether an
aspect ratio of the recommended resolution is a prede-
termined aspect ratio of the predetermined resolution,
prior to determining whether the recommended resolu-
tion is greater than or equal to the priority resolution, and

wherein, when the circuitry determines that the aspect ratio
of the recommended resolution is the predetermined
aspect ratio, circuitry selects the predetermined resolu-
tion as the first resolution.

8. The electronic device according to claim 6,

wherein the circuitry is configured to determine whether

the recommended resolution is a wide resolution, the
wide resolution being different from the reference
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aspect ratio, prior to determining whether the recom-
mended resolution is greater than or equal to the priority
resolution, and

wherein, when the circuitry determines that the recom-

mended resolution is the wide resolution, the circuitry
selects the wide resolution as the first resolution.
9. The electronic device according to claim 6,
wherein the circuitry is configured to determine whether an
aspect ratio of the recommended resolution is a prede-
termined aspect ratio of the predetermined resolution,
prior to determining whether the recommended resolu-
tion is greater than or equal to the priority resolution,

wherein, when the circuitry determines that the aspect ratio
of the recommended resolution is the predetermined
aspectratio, the circuitry selects the predetermined reso-
lution as the first resolution,

wherein, when the circuitry determines that the aspect ratio

of the recommended resolution is not the predetermined
aspect ratio, the circuitry is configured to determine
whether the recommended resolution is a wide resolu-
tion, the wide resolution being different from the prede-
termined aspect ratio, and

wherein, when the circuitry determines that the recom-

mended resolution is the wide resolution, the circuitry
selects the wide resolution as the first resolution.

10. A non-transitory computer readable recording medium
storing a program for controlling an electronic device, the
electronic device being configured to be connected to a dis-
play device and configured to output image data to the display
device, the program causing a computer included in the elec-
tronic device to perform a method comprising:

retrieving a recommended resolution of the display device

from the display device;

determining whether the retrieved recommended resolu-

tion is greater than or equal to a priority resolution of the
electronic device, the priority resolution being a refer-
ence aspect ratio of the electronic device;

selecting a first resolution;

changing a resolution of the display device to be the

selected first resolution;

when the electronic device determines that the retrieved

recommended resolution is greater than or equal to the
priority resolution, selecting the priority resolution as
the first resolution; and

when the electronic device determines that the retrieved

recommended resolution is less than the priority resolu-
tion, selecting a predetermined resolution as the first
resolution.



